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(57) ABSTRACT

One embodiment of the present invention provides a liquid
crystal photo-alignment agent that includes a polyamic acid
copolymer including a repeating unit having the following
Formula 1 and a repeating unit having the following Formula
2; a polyimide copolymer including a repeating unit having
the following Formula 3 and a repeating unit having the
following Formula 4; or a combination thereof:

|Chemuical Formula 1|

O O
—6HNJJ\ ) NH— R, 35—
R
/\

HOOC  COOH

O O
I I
R3
/ \

HOOC  COOH

|Chemuical Formula 2|

|Chemical Formula 3]

O O

o
Y

AN
1Y

wherein the definition of R1 to R8 are the same as in the
specification. The liquid crystal photo-alignment agent
can have improved liquid crystal alignment properties,
clectrical characteristics such as voltage holding ratio,
pretilt angle, residual DC, and the like, printability,
cleaning stability, and spot stability, and 1s capable of
unidirectionally aligning liqguid crystals by ultraviolet

(UV) exposure.

|Chemical Formula 4]

N=—RgF—

23 Claims, 1 Drawing Sheet
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LIQUID CRYSTAL PHOTO-ALIGNMENT
AGENT AND LIQUID CRYSTAL
PHOTO-ALIGNMENT FILM AND LIQUID
CRYSTAL DISPLAY INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2007-0127124 filed 1n the

Korean Intellectual Property Oflice on Dec. 7, 2007, the
entire disclosure of which 1s incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a liquid crystal photo-
alignment agent for a liquid crystal display (LCD), and a

liquid crystal photo-alignment film and an LCD including the
same.

BACKGROUND OF THE INVENTION

A liquid crystal display (LCD) includes a liquid crystal
alignment film. The liquid crystal alignment film 1s primarily
made of polymer materials. The liquid crystal alignment film
directs the alignment of liquid crystal molecules. When the
liquid crystal molecules are moved by the influence of an
clectric field to display an 1image, the liquid crystal alignment
film allows the liquid crystal molecules to be oriented 1n a
predetermined direction. Generally, 1t 15 necessary to uni-
formly align the liquid crystal molecules 1n order to provide
uniform luminance and a high contrast ratio to the liquid
crystal device.

The conventional method of aligning the liquid crystal
molecules includes coating a polymer film such as a polyim-
ide on a substrate made of a material such as glass, and
rubbing the surface of the substrate with a fiber such as nylon
or polyester 1n a certain direction. However, the rubbing
method may cause serious problems when fabricating a liquid
crystal panel due to fine dust or electrostatic discharge (ESD)
that may be generated while rubbing the polymer film with
the fiber.

Significant research has focused on overcoming the prob-
lems associated with the rubbing method and to improve the
viewing angle. For this purpose, vertical liquid crystal align-
ment has been developed. However, vertical alignment also
has problems in that manufacturing processes are needed and
luminance 1s reduced since a photolithography process is
required on a color filter glass 1 order to obtain a wide
viewing angle.

In order to solve the problems of the rubbing method, a
photo-radiation method has recently been proposed to induce
anisotropy to the polymer film by 1rradiating light on the film
so as to align the liquid crystal molecules.

Polymers having photo-functional groups such as azoben-
zene, coumarin, chalcone, and cinnamate have been sug-
gested as polymer film materials for photo-alignment meth-
ods. Such polymers are anisotropically photo-1somerized or
photo-cross-linked by 1rradiation with polarized light, so as to
provide anisotropy to the surface so that the polymer film can
induce alignment of the liquid crystal molecules 1n a certain
direction.

The material for the liquid crystal alignment film should
have optical stability and thermal stability, as well as no
alter-image 1n order for it to be useful 1n a large liquid crystal
display device (LCD). However, conventional photo-align-
ment materials have many troubles 1n this respect.
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Further, conventional materials for the liquid crystal photo-
alignment film are primarily polymeric with a main polymer
chain and a side group with a photo-functional group that 1s
capable of inducing photo-anisotropy, such as azobenzene or
cinnamate. When such a material 1s used for a polymeric
liquid crystal photo-alignment film, however, problems may
result. For example, a significant amount of photo energy 1s
required to induce the anisotropy. Also, a plurality of unre-
acted photo-functional groups can remain, which can nega-
tively affect thermal stability, optical stability, and electro-
optical characteristics.

In general, a liquid crystal display 1s fabricated by coating
a liquid crystal photo-alignment agent on a glass substrate
deposited with a transparent indium tin oxide (ITO) conduc-
tive layer and heating it to form a liquid crystal alignment
film. Two substrates oppositely facing each other are then
combined, and the liquid crystals implanted therebetween.
Alternatively, a liquid crystal display can be fabricated by
dripping liquid crystals on one substrate and combining the
substrate with another oppositely facing substrate. Later gen-
erations of liquid crystal displays (57 generation or later) of
medium- and large-sized product lines are typically manufac-
tured using the latter method.

In general, a liquid crystal photo-alignment film 1s formed
by coating a liquid crystal photo-alignment agent prepared by
dissolving polyamic acid or polyimide 1n an organic solvent
on a substrate 1n a flexo printing method, and then predrying
and firing 1t. When the liquid crystal photo-alignment agent
has bad printability, 1t may have a film thickness deviation,
and thereby may have a negative influence on display char-
acteristics of a liquid crystal display including the film.

In order to solve this problem, Japanese Patent Laid-Open
Publication Pyong 8-208983 discloses a liquid crystal photo-
alignment agent prepared by dissolving diethylene glycol
diethylether 1n a solvent with excellent dissolvability against
polyamic acid or polyimide. In addition, Korean Patent Laid-
Open Publication No. 2005-0106423 discloses a liquid crys-
tal photo-alignment agent with excellent printability, which 1s
prepared by using diethylene glycol diethylether and dipro-
pylene glycol monomethylether as a solvent.

Accordingly, a liquid crystal photo-alignment agent pre-
pared by using the solvents has improved printability since 1t
1s rapidly spread out on a substrate. These methods, however,

can cause aggregations at the ends of the substrate after print-
ing, and thereby, the methods can fail to form a uniform film.

SUMMARY OF THE INVENTION

An exemplary embodiment of the present invention pro-
vides a vertical alignment liquid crystal photo-alignment
agent having a wide viewing angle without reduced lumi-
nance, and that 1s made by a simple manufacturing process.
Another embodiment of the present invention provides a 11g-
uid crystal photo-alignment agent having improved liquid
crystal alignment properties, electrical characteristics such as
voltage holding ratio, pretilt angle, residual DC, and the like,
printability, cleaning stability, and spot stability, and 1s
capable of unidirectionally aligning liquid crystals by ultra-
violet (UV) exposure.

A further embodiment of the present invention provides a
liquid crystal photo-alignment film prepared by the liquid
crystal photo-alignment agent.

A further embodiment of the present invention provides a
liguad crystal display (LCD) including the liquid crystal
photo-alignment film.
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The embodiments of the present invention are not limited
to the above technical purposes, and a person of ordinary skall
in the art can understand other technical purposes.

According to one embodiment of the present invention, a
liguad crystal photo-alignment agent 1s provided that
includes: a polyamic acid copolymer including a repeating
unit having the following Formula 1 and a repeating unit
having the following Formula 2, a polyimide copolymer

including a repeating unit having the following Formula 3 and
a repeating unit having the following Formula 4, or a combi-
nation thereof:

|Chemuical Formula 1]

O O
R}
/ \

HOOC  COOH
|Chemical Formula 2|
O O
I (I
R3
/ \
HOOC  COOH

|Chemuical Formula 3|
)CL i
Y
O O
i O
ﬂﬁ(}#
O O

wherein, 1n the above Formulae 1 to 4,

N—Rg7—

|Chemuical Formula 4|

N—Rg7—

R,, R;, R., and R, are each independently a quadrivalent
organic group derived from an acid dianhydride comprising

an aliphatic cyclic acid dianhydride or an aromatic acid dian-
hydride,

R, and R are each independently a divalent organic group
derived from an aromatic diamine, and

R, and R, are each independently a divalent organic group
derived from a photodiamine comprising a coumarin-based
photodiamine, chalcone-based photodiamine, or cinnamate-
based photodiamine.

Yet another embodiment of the present invention provides
a liquid crystal photo-alignment film prepared by coating the
liquad crystal photo-alignment agent on a substrate.

Still another embodiment of the present invention provides
a liquid crystal display (LCD) including the liqud crystal
photo-alignment {ilm.

Hereinafter, other embodiments of the present invention
will be described 1n detail.

The liquid crystal photo-alignment agent has improved
liquid crystal alignment properties, electrical characteristics
such as voltage holding ratio, pretilt angle, residual DC, and
the like, printability, cleaning stability, and spot stability, and
1s capable of unidirectionally aligning liquid crystals by ultra-
violet (UV) exposure.
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4
BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s a cross-sectional view of a liquid crystal display
(LCD) according to one embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention now will be described more fully
hereinafter in the following detailed description of the inven-
tion, 1n which some, but not all embodiments of the invention
are described. Indeed, this invention may be embodied 1n
many different forms and should not be construed as limited
to the embodiments set forth herein; rather, these embodi-
ments are provided so that this disclosure will satisiy appli-
cable legal requirements.

The liquid crystal photo-alignment agent according to one
embodiment of the present mvention includes a polyamic
acid copolymer including a repeating unit having the follow-
ing Formula 1 and a repeating unit having the following
Formula 2, a polyimide copolymer including a repeating unit
having the following Formula 3 and a repeating unit having
the following Formula 4, or a combination thereof.

|Chemuical Formula 1|

O O
I
R
/\

HOOC  COOH
|Chemuical Formula 2|
O O
—tHN JJ\ )‘— NH—Ry47—
R3
/ \
HOOC  COOH

|Chemuical Formula 3|
)CL i
Y
O O
i O
ﬂﬁ(m#
O O

wherein, in the above Formulae 1 to 4,

R,, R;, Rs, and R, are each independently a quadrivalent
organic group derived from an acid dianhydride comprising
an aliphatic cyclic acid dianhydride or an aromatic acid dian-
hydride,

R, and R are each independently divalent organic groups
derived from an aromatic diamine, and

R, and R, are each independently divalent organic groups
derived from a photodiamine comprising a coumarin-based
photodiamine, chalcone-based photodiamine, or cinnamate-
based photodiamine.

The polyamic acid copolymer or polyimide copolymer
includes a vertical alignment group and a photoreactive group
providing alignment by photo-radiation.

As used herein, when a specific definition 1s not otherwise
provided, the term “substituted” refers to one substituted with
at least a substituent comprising halogen, C1 to C30 alkyl, C1

N—R¢T—

|Chemuical Formula 4|

N—Rg7—
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to C30 haloalkyl, C6 to C30 aryl, C2 to C30 heteroaryl, C1 to
C20 alkoxy, or a combination thereof.

Also as used herein, when a specific definition 1s not oth-
erwise provided, the term “hetero” refers to a compound
including one to three hetero atoms comprising one or more
of N, O, S, or P atoms and the remaining ring carbon atoms.

Conventionally, liquid crystal alignment has been induced
through a rubbing process. However, this method generates
static electricity and foreign particles, and rubbing tracks
found on a final product. In order to address these problems,
a new photo-alignment method has been suggested. The
photo-alignment method, however, still 1s insufficient due to
reliability deterioration due to low anchoring energy.

For example, a vertical alignment method 1s widely used to
improve viewing angle. It does not need a rubbing process but
needs patterning at a color filter glass through a photolithog-

raphy process to secure a larger viewing angle, thereby dete-
riorating luminance.

According to one embodiment of the present invention, a
liquad crystal photo-alignment agent includes a diamine
monomer having a photo-reactive group with a photo-align-
ment property and a diamine monomer having a substituent
for realizing vertical alignment.

The liquid crystal photo-alignment agent of the present
invention can have vertical alignment and photo-alignment
properties and electrical characteristics equivalent to or better
than a conventional non-photo vertical alignment agent.

The repeating unit represented by the above Formula 1 1s
derived from polyamic acid which 1s synthesized through a
reaction between at least one diamine comprising an aromatic
diamine, a functional diamine, or a combination thereof and
an acid dianhydride comprising an aliphatic cyclic acid dian-
hydride, an aromatic acid dianhydride, or a combination
thereof.

The polyamic acid can be prepared using any conventional
method known 1n the art for copolymerizating a polyamic
acid without any particular limut.

Exemplary aliphatic cyclic acid dianhydrides suitable for
use 1n the present invention include without limitation 1,2,3,
4-cyclobutanetetracarboxylic acid dianhydride (CBDA),
5-(2,5-dioxotetrahydrofuryl)-3-methylcyclohexene-1,2-di-
carboxylic acid anhydride (DOCDA), bicyclooctene-2,3,3,6-
tetracarboxylic acid dianhydride (BODA), 1,2,3.,4-cyclopen-
tanetetracarboxylic acid dianhydrnide (CPDA), 1,2.,4,5-
cyclohexanetetracarboxylic acid dianhydride (CHDA), 1,2,
4-tricarboxyl-3-methylcarboxyl cyclopentane dianhydride,
1,2,3,4-tetracarboxyl cyclopentane dianhydride, and the like,
and combinations thereof.

The quadrivalent organic group derived from the aliphatic
cyclic acid dianhydride can have a structure represented by
one or more of the following Formulae 5to 9 or acombination
thereof.

|Chemuical Formula 5
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-continued
% |Chemuical Formula 6]
|Chemical Formula 7|
)RL
Rz
|Chemical Formula 8]
Ry3
|Chemical Formula 9]
jgfihi
Rig Ry7

wherein, in the above Formulae 5 to 9,

R, 1s substituted or unsubstituted C1 to C20 alkyl, substi-
tuted or unsubstituted C6 to C30 aryl, or substituted or unsub-
stituted C2 to C30 heteroaryl, and n,, 15 an integer ranging
from O to 3, and

R, to R, are each independently hydrogen, substituted or

unsubstituted C1 to C20 alkyl, substituted or unsubstituted
C6 to C30 aryl, or substituted or unsubstituted C2 to C30
heteroaryl.

Exemplary aromatic acid dianhydrides suitable for use in
the present invention include without limitation pyromellitic
acid dianhydnide (PMDA), biphthalic acid dianhydnde
(BPDA), oxydiphthalic acid dianhydride (ODPA), benzophe-
none tetracarboxylic acid dianhydride (BTDA), hexatluor-
o1sopropylidene diphthalic acid dianhydride (6-FDA), and
the like, and combinations thereof.

The quadrivalent organic group derived from the aromatic
acid dianhydride can have a structure represented by one or
more of the following Formulae 10 and 11 or a combination
thereof.

|Chemical Formula 10]

|Chemical Formula 11|
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wherein, 1n the above Formulae 10 and 11,

R,, and R,, are each independently hydrogen, substituted
or unsubstituted C1 to C20 alkyl, substituted or unsubstituted
C6 to C30 aryl, or substituted or unsubstituted C2 to C30
heteroaryl,

R, and R, are each independently substituted or unsub-
stituted C1 to C20 alkyl, substituted or unsubstituted C6 to
C30 aryl, or substituted or unsubstituted C2 to C30 het-
eroaryl, and n,, and n, . are each independently integers rang-
ing from O to 3, and

R, 1s O, CO, C(CF,),, substituted or unsubstituted C1 to
C6 alkylene, substituted or unsubstituted C3 to C30
cycloalkylene, or substituted or unsubstituted C2 to C30 het-
erocycloalkylene, and n, 1s an integer of 0 or 1.

Exemplary aromatic diamines suitable for use in the
present mvention include without limitation paraphenylene
diamine (p-PDA), 4,4-methylene dianiline (MDA), 4,4-0xy-
dianiline (ODA), metabisaminophenoxy diphenylsulione
(m-BAPS), parabisaminophenoxy diphenylsulfone
(p-BAPS), 2,2-bis[ (aminophenoxy)phenyl]|propane (BAPP),
2,2-bisaminophenoxyphenylhexafluoropropane (HEF-
BAPP), 1,4-diamino-2-methoxybenzene, and the like, and
combinations thereof.

The divalent organic group derived from the aromatic
diamine can have a structure represented by one or more of
the following Formulae 12 to 14 or a combination thereof.

|Chemical Formula 12]

|Chemical Formula 13]

arg)m ar%
[ / R32)??<\7 —S
A AN
|Chemical Formula 14|
(R37)m37 (R3g)m3g (R39)739 (Rao)n40

wherein, 1n the above Formulae 12 to 14,

R,,, R33, R34, and R, to R are each independently sub-
stituted or unsubstituted C1 to C20 alkyl, substituted or
unsubstituted C6 to C30 aryl, substituted or unsubstituted C2
to C30 heteroaryl, wherein the substituents can further
include —O—, —COO—, —CONH—, —OCO—, or a
combination thereof (1n addition to the substituents described
herein, e.g., halogen, C1 to C30 alkyl, C1 to C30 haloalkyl,
C6 to C30 aryl, C2 to C30 heteroaryl, C1 to C20 alkoxy, or a
combination thereot),

R,,, R;,, R5s, and R, are each independently O, SO, or
C(R"YR") such as C(CF;), (wherein R' and R" are each 1inde-
pendently hydrogen or substituted or unsubstituted C1 to C6
alkyl),

n,,, N4, N4, and n,, to n,, are each independently integers
ranging from O to 4, and

n,,, N5,, 045, and n, . are each independently integers ot O or
1.

In addition, the repeating umt represented by the above
Formula 1 may include a functional diamine represented by
one or more of the following Formulae 15 to 18 or a combi-
nation thereot, so that a liquid crystal alignment film can have
an easily-controlled pre-tilt angle of a liquid crystal molecule
and excellent alignment characteristics. A part of the repeat-
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ing unit represented by the above Formula 1 can include a
divalent organic group derived from the functional diamine.

|Chemical Formula 15]

0\/ 7\/0
Ry4;

wherein, in the above Formula 135,

R,, 1s hydrogen, substituted or unsubstituted C1 to C20
alkyl, substituted or unsubstituted C6 to C30 aryl, or substi-
tuted or unsubstituted C2 to C30 heteroaryl,

R, 1s substituted or unsubstituted C1 to C20 alkyl, substi-
tuted or unsubstituted C6 to C30 aryl, or substituted or unsub-
stituted C2 to C30 heteroaryl, and

n,, 1s an integer ranging from O to 3.

|Chemical Formula 16]

H,N NH,
[ | - Ragh,
N ) S N
(R-45)H 45 ‘
/X
(R43)H 43 (Ri::l)ﬂ 44
Ry47

wherein, 1n the above Formula 16,

R,;, R4, and R, are each independently substituted or
unsubstituted C1 to C20 alkyl, substituted or unsubstituted
C6 to C30 aryl, or substituted or unsubstituted C2 to C30
heteroaryl,

R,,1s —0O—, —COO—, —CONH—, —OCO—, or sub-
stituted or unsubstituted C1 to C10 alkylene,

R~ 1s hydrogen; substituted or unsubstituted C1 to C20
alkyl; substituted or unsubstituted C6 to C30 aryl; substituted
or unsubstituted C2 to C30 heteroaryl; or alkyl, aryl, or het-
eroaryl including —O—  —COO—, —CONH—,
—OCO—, or a combination thereof,

n,, 1s an mteger ot 0 or 3,

n,. and n . are each independently integers ranging from O

to 4, and
n,, 1s an integer of O or 1.

|Chemical Formula 17]

H,N
NH,
-
2N / /ﬁ
(R64)H 64 ‘ I_(R
I 66)H 66
A SN A
\( \r >
N\KN
(1?53);-1 .
Res
wherein, in the above Formula 17,
R, and R, are each independently substituted or unsub-
stituted C1 to C20 alkyl, substituted or unsubstituted C6 to

C30 aryl, or substituted or unsubstituted C2 to C30 het-
eroaryl,
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R< 1s hydrogen, substituted or unsubstituted C1 to C20
alkyl, substituted or unsubstituted C6 to C30 arvyl, or substi-
tuted or unsubstituted C2 to C30 heteroaryl,

R, and R, are each independently —O— or —COQO—,
O—, —COO—, —CONH—, or —OCO—,

n., and n.. are each independently integers ranging from 0
to 4, and

Rg; 18

n., to n.; are each independently integers of O or 1.

|Chemical Formula 18]
Hy

N

2N
:—NH2

XN
(Rsp)#s;

\
Rs,

In the above Formula 18,

O—, —COO—, —0OCO—,
—NHCO—, or —CONH—, and n., 1s an integer ranging
from O to 2, and

R 1s substituted or unsubstituted C1 to C20 alkyl; substi-
tuted or unsubstituted C6 to C30 aryl; substituted or unsub-

stituted C2 to C30 heteroaryl; or alkyl, aryl, or heteroaryl
O—, —(CO0O—, —CONH—, —OCO—, or a
combination thereof.

R;, 1s a single bond,

including

The repeating unit of the above Formula 3 may be prepared
by 1midization of the repeating unit of the above Formula 1.
The imidization of the polyamic acid to obtain the polyimide

polymer 1s well known 1n this art and therefore a detailed
description thereof 1s not provided.

The repeating unit of the above Formula 2 can be synthe-

s1zed from at least one photodiamine and an acid dianhydride
comprising an aliphatic cyclic acid dianhydride, an aromatic
acid dianhydride, or a combination thereof.

The copolymerization of the photodiamine and acid dian-
hydride to obtain a polyamic acid photopolymer 1s well

known 1n this art, and therefore a detailed description thereof

1s not provided. The aliphatic cyclic acid dianhydride or aro-
matic acid dianhydride used during preparation of the
polyamic acid photopolymer 1s the same as the one used
during preparation of the repeating unit represented by the
above Formula 1.

The repeating unit of the above Formula 4 may be prepared
by 1imidization of the repeating unit of the above Formula 2.
The imidization of the polyamic acid to obtain the polyimide
polymer 1s well known 1n this art and therefore a detailed
description thereof 1s not provided.

Exemplary photodiamines suitable for use 1n the present
invention mclude without limitation coumarin-based photo-
diamines, chalcone-based photodiamines, cinnamate-based
photodiamines, and combinations thereof.

The cinnamate-based photodiamine may be acompound of

the following Formula 19, a compound of the following For-
mula 20, or a combination thereof. The chalcone-based pho-
todiamine may be a compound of the following Formula 21.

The coumarin-based photodiamine may be a compound of

the following Formula 22.
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|Chemical Formula 19]

O
R
. X o
H,N
e
h xff"f

H,N

(R72)4 -

In the above Formula 19,

R, 1s hydrogen, substituted or unsubstituted C1 to C30
alkyl, substituted or unsubstituted C6 to C30 aryl, or substi-
tuted or unsubstituted C2 to C30 heteroaryl,

R, 1s substituted or unsubstituted C1 to C30 alkyl, substi-
tuted or unsubstituted C6 to C30 aryl, or substituted or unsub-
stituted C2 to C30 heteroaryl, and

n-, 1s an mteger ranging from O to 3.

|Chemical Formula 20]

(R74)m74
Ros O

== 7
( >7C=C_C_O_Rjj
R?S/\‘\\ / |

R76

In the above Formula 20,

R - 1s aromatic diamine, diamine including substituted or
unsubstituted linear or branched C1 to C24 alkylene, or a
combination thereof,
wherein the substituted alkylene R .- 1s substituted alkylene
comprising at least one hydrogen substituted with halogen or

cyano; substituted alkylene comprising at least one CH,
group substituted with substituted or unsubstituted C6 to C30
arylene, substituted or unsubstituted C2 to C30 het-
croarylene, substituted or unsubstituted C3 to C30 cycloalky-
lene, substituted or unsubstituted C2 to C30 heterocycloalky-

lene, —O—, —CO—, —CO—0O— —O—-CO— —S1
(CH;),—O—S1(CH,),—, —NR'—, —NR'"—CO—,
—CO—NR"—, —NR—CO—O—, O—CO—NR'—,
—CH=—CH—, —C=C—, or —O—CO—0— (wherein R’

1s hydrogen or substituted or unsubstituted C1 to C6 alkyl),
wherein adjacent CH, groups are not so substituted; or a
combination thereof,

R 1s substituted or unsubstituted C1 to C20 alkyl, substi-
tuted or unsubstituted C6 to C30 aryl, or substituted or unsub-
stituted C2 to C30 heteroaryl,

n-, 1s an integer ranging from O to 4,

R-. and R, are each independently hydrogen, halogen,
cyano, or substituted or unsubstituted C1 to C12 alkyl,

wherein the substituted alkyls of R,. and R, are each
independently substituted alkyl comprising at least one
hydrogen substituted with halogen or cyano; substituted alkyl
comprising at least one CH, group substituted with —O—,
—CO—0O—, —0O0—CO—, or —CH=—CH—, wherein adja-
cent CH, groups are not so substituted; or a combination
thereof,
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R, 1s substituted or unsubstituted C1 to C30 alkyl, substi-
tuted or unsubstituted C7 to C30 alkylaryl, substituted or
unsubstituted C3 to C30 cycloalkyl, substituted or unsubsti-
tuted pyrimidinyl, substituted or unsubstituted pyridinyl, sub-
stituted or unsubstituted thiophenyl, substituted or unsubsti-
tuted furanyl, substituted or unsubstituted naphthyl, or
substituted or unsubstituted phenyl,

wherein the substituted alkyl of R, 1s substituted alkyl
comprising at least one hydrogen substituted with halogen or
cyano; substituted alkyl comprising at least one CH, group
substituted with —O—, CcCO—0O— —O—-CO—, or
—CH—CH—, wherein adjacent CH,, groups are not so sub-
stituted; or a combination thereof, and

wherein the substituted alkylaryl of R, 1s substituted alky-
laryl comprising at least one CH, group substituted with

o— —CO—0O0— —0—CO— o —CH=—CH—,
wherein adjacent CH, groups are not so substituted, or a
combination thereof.

|Chemical Formula 21|

(Rg2)ng) (Rgs)rgs
(_‘_ f|{83 (‘:‘) _‘_
\ C=C—C >
R J | 4<_¢\R
31 R 36

In the above Formula 21,

R4, 1s aromatic diamine, diamine including substituted or
unsubstituted linear or branched C1 to C24 alkylene, or a
combination thereof,

wherein the substituted alkylene of Ry, 1s substituted alky-
lene comprising at least one hydrogen substituted with halo-
gen or cyano; substituted alkylene comprising at least one
CH, group substituted with substituted or unsubstituted C6 to
C30 arylene, substituted or unsubstituted C2 to C30 het-
croarylene, substituted or unsubstituted C3 to C30 cycloalky-
lene, substituted or unsubstituted C2 to C30 heterocycloalky-
O—CO—, —51

lene, —O—, —CO— —CO—0O—,

(CH,),—O—S1(CH,),—, —NR'—  —NR"—CO—,
—CO—NR'—, —NR'—CO—0—, O—CO—NR"—,
—CH=—CH—, —C=C—0or—0O—CO—0— (wherein R'1s

hydrogen or substituted or unsubstituted C1 to C6 alkyl),
wherein adjacent CH, groups are not so substituted; or a
combination thereof,

R, and R, are each independently substituted or unsub-
stituted C1 to C20 alkyl, substituted or unsubstituted C6 to
C30 aryl, or substituted or unsubstituted C2 to C30 het-
croaryl,

n,, and ng. are each independently integers ranging from O
to 4,

Rq; and R, are each independently hydrogen, halogen,
cyano, or substituted or unsubstituted C1 to C12 alkyl,

wherein the substituted alkyls of R,, and R, are each
independently substituted alkyl comprising at least one
hydrogen substituted with halogen or cyano; substituted alkyl
comprising at least one CH, group substituted with —O—,
—CO—0—, —0—CO—, or —CH—CH-—, wherein adja-
cent CH, groups are not so substituted; or a combination
thereof,

R 15 substituted or unsubstituted C1 to C30 alkyl, substi-
tuted or unsubstituted C7 to C30 alkylaryl, substituted or
unsubstituted C3 to C30 cycloalkyl, substituted or unsubsti-
tuted pyrimidinyl, substituted or unsubstituted pyridinyl, sub-
stituted or unsubstituted thiophenyl, substituted or unsubsti-
tuted furanyl, substituted or unsubstituted naphthyl, or
substituted or unsubstituted phenyl,

wherein the substituted alkyl of Ry, 1s substituted alkyl
comprising at least one hydrogen substituted with halogen or
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cyano; substituted alkyl comprising at least one CH, group
substituted with —O—, —CO—0O—, O—CO—, or
—CH—CH—, wherein adjacent CH,, groups are not so sub-
stituted; or a combination thereof, and

wherein the substituted alkylaryl of R, 15 substituted alky-
laryl comprising at least one CH, group substituted with

O— —CO—0O—, O—CO—, or —CH=—CH—,
wherein adjacent CH, groups are not so substituted, or a
combination thereof.

|Chemuical Formula 22|

In the above Formula 22,

Ry, 1s aromatic diamine, diamine mncluding substituted or
unsubstituted linear or branched C1 to C24 alkylene, or a
combination thereof,

wherein the substituted alkylene of Ry, 1s substituted alky-
lene comprising at least one hydrogen substituted with halo-
gen or cyano; substituted alkylene comprising at least one
CH,, group substituted with substituted or unsubstituted C6 to
C30 arylene, substituted or unsubstituted C2 to C30 het-
croarylene, substituted or unsubstituted C3 to C30 cycloalky-
lene, substituted or unsubstituted C2 to C30 heterocycloalky-

lene, - O— —CO— —CO—O— —0O-CO— —S1
(CH,),—0—S1(CH,),—, —NR"—, —NR'—CO—,
—CO—NR'—, —NR'—CO—0O—, O—CO—NR'—,
—CH=—CH—, —(C=C—, or —O—CO—0— (wherein R’

1s hydrogen or substituted or unsubstituted C1 to C6 alkyl),
wherein adjacent CH, groups are not so substituted; or a
combination thereof,

R, 1s substituted or unsubstituted C1 to C20 alkyl, substi-
tuted or unsubstituted C6 to C30 aryl, or substituted or unsub-
stituted C2 to C30 heteroaryl,

1, 15 an integer ranging from O to 4,

Ry, and Ry, are each independently selected hydrogen,
halogen, cyano, or substituted or unsubstituted C1 to C12
alkyl, and

the substituted alkyls of Ry; and Ry, are each indepen-
dently substituted alkyl comprising at least one hydrogen
substituted with halogen or cyano; substituted alkyl compris-
ing at least one CH, group substituted with —O—, —CO—
O—, —0O0—CO—, or —CH=—CH—, wherein adjacent CH,
groups are not so substituted; or a combination thereof.

In one embodiment, the compound of the above Formula
22 can mclude the compound of the following Formula 23:

|Chemical Formula 23]

In the above Formula 23,

R, 1s substituted or unsubstituted C1 to C20 alkyl, substi-
tuted or unsubstituted C6 to C30 aryl, or substituted or unsub-
stituted C2 to C30 heteroaryl,
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R,,' 1s substituted or unsubstituted C1 to C20 alkylene,
substituted or unsubstituted C6 to C30 arylene, or substituted
or unsubstituted C2 to C30 heteroarylene,

Ry< 1sasinglebond, —O—, —CO—0O—,
—CH=—CH—,

Ry, and Ry, are each independently hydrogen, halogen,
cyano, or substituted or unsubstituted C1 to C12 alkyl, and

wherein the substituted alkyls of Ry, and R, are each
independently substituted alkyl comprising at least one
hydrogen substituted with halogen or cyano; substituted alkyl
comprising at least one CH, group substituted with —O—,
—CO—0—, —0—CO—, or —CH=—CH—, wherein adja-
cent CH, groups are not so substituted; or a combination
thereof.

R, and R, 1n the polyamic acid copolymer or R and Ry in
the polyimide copolymer are present at a mole ratio of about
1 to 90:1 to 70. In one embodiment, the mole ratio of R, and
R, and R, and R, ranges from about 3 to 90:5 to 40.

When the amount of R, 1n the polyamic acid copolymer or
R, 1n the polyimide copolymer 1s less than this lower limiut,
liquid crystal alignment properties may not be properly real-
ized. On the other hand, when the amount of R, or Ry 1s
greater than this upper limit, a liquid crystal alignment film
may have deteriorated electrical characteristics.

When the polyamic acid copolymer or the polyimide
copolymer includes a substituent derived from the functional
diamine, the functional diamine and aromatic diamine
excluding the functional diamine are present 1n a mole ratio
ranging from about 1 to 50:1 to 90. In another embodiment,
the functional diamine and aromatic diamine may be present
in a mole ratio ranging from about 10 to 30:3 to 90.

When the functional diamine 1s present 1n an amount less
than the lower limit of this mole ratio, the polyamic acid
copolymer or the polyimide copolymer may not properly
realize pretilt. When the functional diamine 1s present 1n an
amount greater than the upper limit of this mole ratio, a
polymer for a liquid crystal photo-alignment film with a high
molecular weight may be hard to obtain.

The aromatic diamine rather than functional diamine can
be any aromatic diamine, as long as 1t does not deteriorate
characteristics of a liquid crystal photo-alignment agent.

The liquid crystal photo-alignment agent may have a num-
ber average molecular weight ranging from about 5000 to
about 500,000 g/mol. When the liquid crystal photo-align-
ment agent has a number average molecular weight of less
than about 3000 g/mol, there may be stains at the end of a
substrate during printing. When the liquid crystal photo-
alignment agent has a number average molecular weight of
more than about 500,000 g/mol, the film may have a non-
uniform thickness due to thickness deviation at the end of a
substrate.

Another embodiment of the present mvention provides a
liquid crystal photo-alignment film that 1s provided by using
the liquid crystal photo-alignment agent.

The liqud crystal photo-alignment film may be obtained
by adding the liquid crystal photo-alignment agent to a sol-
vent to provide a composition, and coating the composition
on a substrate to provide a liquid crystal photo-alignment
f1lm.

Exemplary solvents suitable for use 1n the present mven-
tion may include without limitation N-methyl-2-pyrrolidone,
N,N-dimethyl acetamide, N,N-dimethyl formamide, dim-
cthyl sulfoxide, y-butyro-lactone, and a phenol-based solvent
such as a meta cresol, a phenol, a halogenated phenol, and the
like, and combinations thereof.

In addition, the solvent may further include a poor solvent
such as alcohol series, ketone series, ester series, ether series,

O—CO—,or
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hydrocarbon series, or halogenated hydrocarbon series sol-
vents, as long as the soluble polyimide polymer 1s not depos-
ited. The poor solvent lowers surface energy of a liquid crystal
photo-alignment agent and improves its spread and flatness
when the liquid crystal photo-alignment agent 1s coated.

The poor solvent may be included 1n an amount of about 1
to about 90 volume % based on the total amount of the
solvent. In another embodiment, the poor solvent may be
included 1n an amount of about 1 to about 70 volume %.

Examples of the poor solvent include without limitation
methanol, ethanol, 1sopropanol, cyclohexanol, ethylene gly-
col, propylene glycol, 1,4-butanediol, triecthylene glycol,
acetone, methylethylketone, cyclohexanone, methyl acetate,
cthyl acetate, butyl acetate, diethyl hydroxide, malonic acid
ester, diethyl ether, ethylene glycol monomethyl ether, ethyl-
ene glycol monoethyl ether, ethylene glycol phenyl ether,
cthylene glycol phenyl methyl ether, ethylene glycol phenyl
cthyl ether, ethylene glycol dimethylethyl, diethylene glycol
dimethylethyl, diethylene glycol ether, diethylene glycol
monomethyl ether, diethylene glycol monoethyl ether, dieth-
yvlene glycol monomethyl ether acetate, diethylene glycol
monoethyl ether acetate, ethylene glycol methyl ether
acetate, ethylene glycol ethyl ether acetate, 4-hydroxy-4-me-
thyl-2-pentanone, 2-hydroxy ethyl propionate, 2-hydroxy-2-
methyl ethyl propionate, ethoxy ethyl acetate, hydroxy ethyl
acetate, 2-hydroxy-3-methyl butanoic acid methyl, 3-meth-
oxy methyl propionate, 3-methoxy ethyl propionate,
3-cthoxy ethyl propionate, 3-ethoxy methyl propionate,
methyl methoxy butanol, ethyl methoxy butanol, methyl
cthoxy butanol, ethyl ethoxy butanol, tetrahydrofuran,
dichloromethane, 1,2-dichloroethane, 1,4-dichloro butane,
trichloro ethane, chlorobenzene, o-dichlorobenzene, hexane,
heptane, octane, benzene, toluene, xylene, and the like, and
combinations thereof.

The amount of solvent 1s not limited in the composition for
forming a liquid crystal photo-alignment film. According to
one embodiment of the present invention, the solid amount of
the liquid crystal photo-alignment agent ranges from about 1
to about 30 wt %: 1n another embodiment, the solid amount of
the liquid crystal photo-alignment agent ranges from about 3
to about 15 wt %; and 1n a further embodiment, the solid
amount of the liqud crystal photo-alignment agent ranges
from about 5 to about 10 wt %. When the solid amount is less
than about 1 wt %, the film may be atlected by the printing
process so that the film umiformaity 1s deteriorated; on the other
hand, when the solid content 1s more than about 30 wt %, the
{1lm umiformity can deteriorate and the transmittance can also
deteriorate due to the high viscosity during the printing pro-
Cess.

The composition for forming a liquid crystal photo-align-
ment film may 1include one or more epoxy compounds having
2 to 4 epoxy functional groups to improve reliability and
clectro-optical characteristics. The composition can include
epoxy compound 1n an amount of about 0.01 to about 50 parts
by weight, based on 100 parts by weight of the liquid crystal
photo-alignment agent. In another embodiment, the compo-
sition can include epoxy compound 1n an amount of about 1 to
about 30 parts by weight. When the composition includes
epoxy compound 1n an amount of more than about 50 parts by
weight, the epoxy compound may deteriorate printability or
flatness. When the composition includes epoxy compound 1n
an amount of less than about 0.01 parts by weight, the com-
position may show little eflect of the epoxy compound.

Examples of the epoxy compound include without limaita-

tion  N,N,N'N'-tetraglycidyl-4,4'-diaminophenylmethane
(TGDDM), N,N,N' N'-tetraglycidyl-4,4'-diaminophenyle-
thane, N,N,N'.N'-tetraglycidyl-4,4'-diaminophenylpropane,
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N,N,N'.N'-tetraglycidyl-4,4'-diaminophenylbutane, N,N,N',
N'-tetraglycidyl-4,4'-diaminobenzene, and the like, and com-
binations thereof.

The composition for forming a liquid crystal photo-align-
ment film can further include a silane coupling agent or a
surfactant to improve adherence to a substrate, and flatness
and coating characteristics.

The composition for forming a liquid crystal photo-align-
ment film 1s coated on a substrate to form a liquid crystal
photo-alignment film. The composition for forming a liquid
crystal photo-alignment film can be coated using any suitable
method such as spin coating, flexo printing, Inkjet printing,
and the like. Flexo printing can accomplish excellent film
uniformity and may easily form a larger liquid crystal photo-
alignment film.

The present invention 1s not limited to any particular sub-
strate. Exemplary substrates suitable for use in the present
invention may include without limitation glass substrates or
plastic substrates such as an acryl substrate or a polycarbon-
ate substrate, as long as it 1s transparent. In addition, the
substrate may include an I'TO electrode and the like for liquad
crystal operation to simplily the manufacturing process.

In order to improve uniformity of a film, the composition
for forming a liquid crystal photo-alignment film may be
uniformly coated on a substrate and predried at room tem-
perature to about 200° C., about 30 to about 150° C., or about
40 to about 120° C., for about 1 to about 100 minutes. The
predrying can control volatility of each component of the
composition for forming a liquid crystal photo-alignment
f1lm, to provide a uniform film without a thickness deviation.

Then, the coated substrate can be fired at a temperature of

about 80 to about 300° C. or about 120 to about 280° C. for

about 5 to about 300 minutes to completely evaporate a sol-
vent, to fabricate a liquid crystal photo-alignment film.

The liquid crystal photo-alignment film can be used for a
liquid crystal display with umaxial alignment treatment by
polarized ultraviolet (UV) rays or rubbing, or without the
uniaxial alignment treatment for some uses such as a vertical
alignment {ilm and the like.

The liquad crystal photo-alignment film according to one

embodiment of the present mvention can be subjected to
uniaxial alignment treatment by exposing to light with energy
of about 10 mJ to about 5000 mJ for about 0.1 to about 180
minutes. As mentioned above, the uniaxial alignment treat-
ment can be performed with a reduced exposure intensity so
as to completely remove double bonds included 1n the poly-
imide photopolymer.

According to a further embodiment of the present inven-
tion, provided 1s a display device including the liquid crystal
photo-alignment film. In another embodiment, the display
device 1s a liquid crystal display (LCD).

FIG. 1 1s a cross-sectional view showing a liquid crystal
display (LCD) according to one embodiment of the present
invention.

As shown 1n FIG. 1, the liqud crystal display (LCD) 1
according to one embodiment of the present invention
includes a lower panel 100, an upper panel 200, and a liquid
crystal layer 3.

In the lower panel 100, a gate conductor including a plu-
rality of gate lines (not shown) and a plurality of storage
clectrodes 133 1s formed on a front surface of a first substrate
110. On the gate conductor, a gate msulating layer 140, a
plurality of semiconductors 154, a plurality of pairs of ochmic
contacts 163 and 165, a plurality of source electrodes 173, and
a plurality of drain electrodes 1735 are sequentially formed.
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One thin {ilm transistor (TFT) consists of one gate elec-
trode 124, one source electrode 173, and one drain electrode
175 together with a semiconductor 154.

A passivation layer 180 1s formed on the exposed portion of
the semiconductor 154, the source electrode 173, the drain
clectrode 1735, and the gate insulating layer 140. On the pas-
stvation layer 180, a plurality of pixel electrodes 191 are
formed.

Heremnaftter, the upper panel 200 1s described.

In the upper panel 200, a light blocking member 220 1s
formed on a second substrate 210. A plurality of color filters
230 1s formed on the second substrate 210 and the light
blocking member 220, and an overcoat 250 1s formed on the
color filter 230. The overcoat 250 1s to prevent the color filter
230 from being exposed to the liquid crystal layer 3, and the
overcoat 250 can be omitted.

A first liquid crystal photo-alignment film 12 1s formed on
the surface of the pixel electrode 191 of the lower panel 100,
and a second liquid crystal photo-alignment film 22 1s formed
on the surface of a common electrode 270 of the upper panel
200. The first liquad crystal photo-alignment film 12 and the
second liquid crystal photo-alignment film 22 are fabricated
by using the liquid crystal photo-alignment agent according
to one embodiment of the present invention.

Even though the liquid crystal photo-alignment films 12
and 22 are shown to be respectively formed on the lower panel
100 and the upper panel 200 in FIG. 1, the liguid crystal
photo-alignment film 12 or 22 may be formed 1n either the
upper panel 200 or the lower panel 100.

The following examples 1llustrate the present invention in
more detail. These examples, however, should not in any
sense be interpreted as limiting the scope of the present inven-
tion.

EXAMPLE 1

Preparation of a Liquid Crystal Photo-alignment
Agent Including a Polyamic Acid Copolymer
(PAA-1)

0.7 mol of phenylene diamine, 0.15 mol of a functional
diamine 3,5-diaminophenyl decyl succinimide of the follow-
ing Chemical Formula 24, and 0.15 mol of diamino benzoic
acid 4-(2-ethoxycarbonyl-vinyl)-phenyl ester of the follow-
ing Chemical Formula 25 are introduced into a four-necked
flask mounted with an agitator, a temperature controller, a
nitrogen gas injector, and a cooler while flowing nitrogen
therethrough, and N-methyl-2-pyrrolidone (NMP) 1s added

thereto to provide a mixed solution.

|Chemical Formula 24|

\/\‘/ NH2
Y

N O
~X

(CH,)17CH;
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-continued
|Chemical Formula 25]
O
0 / ‘ /\)J\O/I’\IMH
H5>N
O x

NH,

In the above Formula 25, n=2.

1.0 mol of solid 1,2,3,4-cyclobutanetetracarboxylic acid
dianhydride 1s added to the mixed solution and vigorously
agitated. The solid amount 1s 20 wt%. The reaction 1s per-
formed while maintaining the temperature between 30° C.
and 50° C. for 10 hours to provide a polyamic acid resin. To
the provided polyamic acid resin, a mixed organic solvent of
N-methyl-2-pyrrolidone and v-butyrolactone (NMP:GBL=7:
3welght ratio) 1s added and agitated at room temperature for
24 hours to provide a liquid crystal photo-alignment agent
including a polyamic acid solution (PAA-1).

EXAMPLE 2

Preparation of a Liquid Crystal Photo-alignment
Agent Including a Polyamic Acid Copolymer
(PAA-2)

A lhiqud crystal photo-alignment agent including a
polyamic acid solution (PAA-2) 1s prepared in accordance
with the same procedure as in Example 1, except that the
functional diamine represented by the following Chemical
Formula 26 1s used 1nstead of the functional diamine repre-
sented by Chemical Formula 24.

|Chemical Formula 26]

H,N NH,

CH;
PN
-

O

(CHy)15CH3

EXAMPL.

(Ll
"

Preparation of a Liquid Crystal Photo-Alignment

Agent Including a Polyamic Acid Copolymer
(PAA-3)

A liqud crystal photo-alignment agent including a
polyamic acid solution (PAA-3) 1s prepared 1n accordance
with the same procedure as in Example 1, except that the
functional diamine represented by the following Chemical
Formula 27 1s used instead of the functional diamine repre-
sented by Chemical Formula 24.
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|Chemical Formula 27|

H,N NH,

CHj,

O

(CH»)14CF3

EXAMPLE 4

Preparation of a Liquid Crystal Photo-alignment

Agent Including a Polyamic Acid Copolymer
(PAA-4)

A lhiqud crystal photo-alignment agent including a
polyamic acid solution (PAA-4) 1s prepared 1n accordance
with the same procedure as 1n Example 1, except that the
functional diamine represented by the following Chemical
Formula 28 1s used instead of the functional diamine repre-
sented by Chemical Formula 24.

|Chemuical Formula 28]

H,N NH,
0O

EXAMPLE 5

Preparation of a Liquid Crystal Photo-alignment
Agent Including a Polyamic Acid Copolymer
(PAA-S)

A lhiqud crystal photo-alignment agent including a
polyamic acid solution (PAA-5) 1s prepared in accordance
with the same procedure as in Example 1, except that 1,2.4-
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tricarboxyl-3-methylcarboxyl cyclopentane dianhydride 1s
used instead of the 1,2,3.4-cyclobutanetetracarboxylic acid

dianhydride.

EXAMPL.

L1
o)

Preparation of a Liquid Crystal Photo-alignment

Agent Including a Polyamic Acid Copolymer
(PAA-6)

A liqud crystal photo-alignment agent including a
polyamic acid solution (PAA-6) 1s prepared 1n accordance
with the same procedure as in Example 1, except that the
functional diamine represented by the above Chemical For-
mula 26 1s used instead of the functional diamine represented
by Chemical Formula 24, and 1,2.4-tricarboxyl-3-methylcar-
boxyl cyclopentane dianhydride 1s used instead of the 1,2,3,
4-cyclobutanetetracarboxylic acid dianhydrnde.

EXAMPL.

(Ll
~]

Preparation of a Liquid Crystal Photo-alignment
Agent Including a Polyamic Acid Copolymer
(PAA-7)

A liqud crystal photo-alignment agent including a
polyamic acid solution (PAA-7) 1s prepared in accordance
with the same procedure as in Example 1, except that the
functional diamine represented by the above Chemical For-
mula 27 1s used mstead of the functional diamine represented
by Chemical Formula 24, and 1,2.4-tricarboxyl-3-methylcar-
boxyl cyclopentane dianhydride 1s used instead of the 1,2,3,
4-cyclobutanetetracarboxylic acid dianhydnde.

EXAMPL.

L1l
o0

Preparation of a Liquid Crystal Photo-alignment
Agent Including a Polyamic Acid Copolymer
(PAA-8)

A lhiqud crystal photo-alignment agent including a
polyamic acid solution (PAA-8) 1s prepared in accordance
with the same procedure as in Example 1, except that the
functional diamine represented by the above Chemical For-
mula 28 1s used mnstead of the functional diamine represented
by Chemical Formula 24 and 1,2,4-tricarboxyl-3-methylcar-
boxyl cyclopentane dianhydride was used instead of the 1,2,
3.4-cyclobutanetetracarboxylic acid dianhydrnde.

EXAMPL.

(L]
\O

Preparation of a Liquid Crystal Photo-alignment

Agent Including a Polyamic Acid Copolymer
(PAA-9)

A liquid crystal photo-alignment agent including a
polyamic acid copolymer (PAA-9) 1s prepared according to
the same method as 1n Example 5 except for using 0.75 mol of
phenylene diamine, 0.15 mol of the functional diamine 3,5-
diaminophenyldecyl succinimide represented by the above
Chemical Formula 24, and 0.05 mol of diamino benzoic acid
4- (2-ethoxycarbonyl-vinyl)-phenyl ester represented by
Chemical Formula 25.
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EXAMPLE 10

Preperation of a Liquid Crystal Photo-alignment

Agent Including a Polyamic Acid Copolymer
(PAA-10)

A liqud crystal photo-alignment agent including a
polyamic acid copolymer (PAA-10) 1s prepared according to

the same method as 1n Example 5 except for using 0.6 mol of
phenylene diamine, 0.15 mol of functional diamine 3,5-di-
aminophenyldecyl succinimide represented by the above for-
mula 24, and 0.25 mol of diamino benzoic acid 4- (2-ethoxy-
carbonyl-vinyl)-phenyl ester represented by Chemical
Formula 25.

EXAMPLE 11

Preparation of a Liquid Crystal Photo-alignment

Agent Including a Polyamic Acid Copolymer
(PAA-11)

A hgud crystal photo-alignment agent including a
polyamic acid copolymer (PAA-11) 1s prepared according to
the same method as 1n Example 5 except for using a photo-
reactive diamine represented by Chemical Formula 29
instead of a photo-reactive diamine represented by Chemical
Formula 25.

|Chemical Formula 29|

H,N NH,

EXAMPLE 12

Preparation of a Liquid Crystal Photo-alignment

Agent Including a Polyamic Acid Copolymer
(PAA-12)

A hgud crystal photo-alignment agent including a
polyamic acid copolymer (PAA-12) 1s prepared according to
the same method as in Example 5 except for using a photo-
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reactive diamine represented by Chemical Formula 30
instead of a photo-reactive diamine represented by Chemical
Formula 25.

|Chemical Formula 30]

)

\

Or—O—4

HoN NH,

EXAMPL.

13

(Ll

Preparation of a Liquid Crystal Photo-alignment
Agent Including a Polyamic Acid Copolymer

(PAA-13)

A liquid crystal photo-alignment agent including a
polyamic acid copolymer (PAA-13) 1s prepared according to
the same method as 1n Example 5 except for using a photo-
reactive diamine represented by Chemical Formula 31
instead of a photo-reactive diamine represented by Chemical

Formula 25.
[
of
S

O

|Chemical Formula 31]

O

/
F \NH2

H,N
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EXAMPLE 14

Preparation of a Liquid Crystal Photo-alignment
Agent Including a Polyimide Copolymer (SPI-1)

PAA-1 and N-methyl-2-pyrrolidone 1s put up to 20 wt % 1n
a 4 neck flask with an agitator, a temperature controller, a
nitrogen gas implanting device, and a cooler while passing
nitrogen through the flask.

Then, 3.0 mol of acetic acid anhydride and 5.0 mol of
pyridine are added to the above polyamic acid copolymer.
The resulting solution 1s heated up to 80° C. and reacted for 6
hours, and then vacuum-distilled to remove a catalyst and a
solvent, preparing a polyimide copolymer including 20 wt %
of a solid.

—

Then, a mixed organic solvent of N-methyl-2-pyrrolidone
and y-butyrolactone (NMP:GBL=7/:3 weight ratio) 1s added
to the polyimide copolymer. The resulting mixture 1s agitated
at room temperature for 24 hours, to prepare a liquid crystal
photo-alignment agent including a polyimide copolymer
(SPI-1).

EXAMPLE 15

Preparation of a Liquid Crystal Photo-alignment
Agent Including a Polyimide Copolymer (SPI-2)

A liqud crystal photo-alignment agent including a poly-
imide copolymer (SPI-2) 1s prepared according to the same
method as Example 14 except for using PAA-2 instead of
PAA-1.

EXAMPLE 16

Preparation of a liquid crystal photo-alignment agent
including a polyimide copolymer (SPI-3)

A lhiqud crystal photo-alignment agent including a poly-
imide copolymer (SPI-3) 1s prepared according to the same
method as Example 14 except for using PAA-3 instead of
PAA-1.

EXAMPLE 17

Preparation of a Liquid Crystal Photo-alignment
Agent Including a Polyimide Copolymer (SPI-4)

A lhiqud crystal photo-alignment agent including a poly-
imide copolymer (SPI-4) 1s prepared according to the same
method as Example 14 except for using PAA-4 instead of
PAA-1.

EXAMPLE 18

Preparation of a Liquid Crystal Photo-alignment
Agent Including a Polyimide Copolymer (SPI-5)

A liquad crystal photo-alignment agent including a soluble
polyimide copolymer (SPI-5) i1s prepared according to the
same method as Example 14 except for using PAA-S 1nstead
of PAA-1.
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EXAMPL,

(L]

19

Preparation of a Liquid Crystal Photo-alignment
Agent Including a Polyimide Copolymer (SPI-6)

A liquad crystal photo-alignment agent including a soluble
polyimide copolymer (SPI-6) i1s prepared according to the
same method as Example 14 except for using PAA-6 1nstead
of PAA-1.

EXAMPLE

20

Preparation of a Liquid Crystal Photo-alignment
Agent Including a Polyimide Copolymer (SPI-7)

A liquid crystal photo-alignment agent including a poly-
imide copolymer (SPI-7) 1s prepared according to the same
method as Example 14 except for using PAA-7 instead of

PAA-1.

EXAMPL.

21

(Ll

Preparation of a Liquid Crystal Photo-alignment
Agent Including a Polyimide Copolymer (SPI-8)

A liquid crystal photo-alignment agent including a soluble
polyimide copolymer (SPI-8) i1s prepared according to the
same method as Example 14 except for using PAA-8 1nstead
of PAA-1.

EXAMPLE

22

Preparation of a Liquid Crystal Photo-alignment
Agent Including a Polyimide Copolymer (SPI-9)

A liquid crystal photo-alignment agent including a soluble
polyimide copolymer (SPI-9) i1s prepared according to the
same method as Example 14 except for using PAA-9 1nstead
of PAA-1.

EXAMPLE

23

Preparation of a Liquid Crystal Photo-alignment
Agent Including a Polyimide Copolymer (SPI-10)

A liquid crystal photo-alignment agent including a soluble
polyimide copolymer (SPI-10) 1s prepared according to the
same method as Example 14 except for using PAA-10 1nstead
of PAA-1.

EXAMPLE

24

Preparation of a Liquid Crystal Photo-alignment
Agent Including a Polyimide Copolymer (SPI-11)

A liquad crystal photo-alignment agent including a soluble
polyimide copolymer (SPI-11) 1s prepared according to the
same method as Example 14 except for using PAA-11 instead
of PAA-1.

EXAMPLE

25

Preparation of a Liquid Crystal Photo-alignment
Agent Including a Polyimide Copolymer (SPI-12)

A liquad crystal photo-alignment agent including a soluble
polyimide copolymer (SPI-12) 1s prepared according to the
same method as Example 14 except for using PAA-12 instead
of PAA-1.
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EXAMPLE 26

Preparation of a Liquid Crystal Photo-alignment
Agent Including a Polyimide Copolymer (SPI-13)

A liquid crystal photo-alignment agent including a soluble
polyimide copolymer (SPI-13) 1s prepared according to the
same method as Example 14 except for using PAA-13 instead
of PAA-1.

COMPARAIIVE EXAMPLE 1

A mixed solution 1s prepared by putting 0.5 mol of phe-
nylene diamine, 0.5 mol of diamino benzoic acid 4-(2-
cthoxycarbonyl-vinyl)-phenyl ester represented by the above
Chemical Formula 25, and N-methyl-2-pyrrolidone 1n a four-
necked flask with an agitator, a temperature controller, a
nitrogen gas implanting device, and a cooler 1 a dark room
while passing nitrogen through the flask.

Next, 1.0 mol of solid 1,2,3,4-cyclobutanetetracarboxylic
acid dianhydride 1s added to the mixed solution, and then
vigorously agitated together. Herein, the mixed solution
included 20 wt % of the solid and 1s reacted for 24 hours at the
temperature of 30° C. to 80° C. to prepare a polyamic acid
solution.

Next, 3.0 mol of acetic acid anhydride and 5.0 mol of
pyridine are added to the polyamic acid solution. The result-
ing solution 1s heated up to 80° C., reacted for 6 hours, and

vacuum-distilled to remove a catalyst and a solvent, tp pre-
pare a soluble polyimide photopolymer including 20% of the
solid.

Then, a mixed organic solvent of N-methyl-2-pyrrolidone
and y-butyrolactone (NMP:GBL=7:3 weight ratio) 1s added
to the soluble polyimide photopolymer. The resulting mixture
1s agitated at room temperature for 24 hours, to prepare a
liguid crystal photo-alignment agent including a soluble
polyimide copolymer.

COMPARAIIVE EXAMPLE 2

A lhiqud crystal photo-alignment agent including a poly-
imide copolymer 1s prepared according to the same method as
Comparative Example 2 except for using 1.0 mol of a com-
pound represented by the above Chemical Formula 25.

Printability Evaluation

The liquid crystal photo-alignment agents prepared
according to Examples 1 to 26 and Comparative Examples 1
and 2 are coated on a 10 cmx10 cm ITO substrate and spin-
coated to a uniform thickness of 0.1 um. Then, the coated
substrates are placed on a hot plate at 70° C. to remove solvent
and cured at 210° C., to prepare a liquid crystal photo-align-
ment f1lm.

The obtained liqud crystal photo-alignment films are
observed for the diffusion characteristic and the rolling char-
acteristic via the naked eve and an optical microscope to
determine the printability of the liquid crystal photo-align-
ment agent. The results of the printability determination are
shown 1n the following Table 1.

Liquid Crystal Alignment Property Evaluation

A liquid crystal cell 1s used to evaluate liquid crystal align-
ment properties of liquid crystal photo-alignment agents. The
liquad crystal cell 1s fabricated as follows.

Photolithography for patterning i1s performed to remove
the rest of ITO except for 0.5 cmx1.5 cm ITO and an I'TO
clectrode shape for voltage application on a standardized I'TO
glass substrate.
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Next, the liqud crystal photo-alignment agents of
Examples 1 to 26 and Comparative Examples 1 and 2 are
spin-coated to a thickness of 0.1 um on the patterned ITO
substrate and cured at a temperature of 70° C. and 210° C.

The cured I'TO substrate 1s exposed to light at a predeter-
mined angle under a predetermined energy with an exposing,

device (UIS-S2021J7-YDO1, Ushio LPUV). Then, the two
substrates are arranged 1n an opposite exposure direction (VA
mode, 90°) with their vertexes corresponding each other and
having a 4.75 um cell gap between them, and then bonded to
cach other. During the exposure, a light source 1s a 2 kW deep
UV ramp (UXM-2000).

Then, liquid crystal 1s filled in the cell. Its alignment prop-
erty 1s examined with a crossed and polarizing light micro-
scope, and the results are provided in the following Table 1.

Pretilt Angle Evaluation

A liquad crystal cell for evaluating a pretilt angle 1s sepa-
rately fabricated to maintain a cell gap of 50 um 1n a different
method from the above.

Herein, a crystal rotation method 1s used to measure pretilt
angle of liquid crystal photo-alignment films prepared using
the liguid crystal photo-alignment agents of Examples 1 to 26
and Comparative Examples 1 and 2 after fabricating a liqud
crystal cell with a 50 um cell gap. The results are shown 1n the
tollowing Table 1.

Electrical and Optical Characteristics Evaluation

Liquid crystal photo-alignment films prepared using a 1iq-
uid crystal photo-alignment agent of the present invention are
evaluated regarding electrical and optical characteristics by
measuring voltage-transmission curves, voltage holding
rat10, and residual DC voltage of a liquid crystal cell with a
4.75 um cell gap.

Electrical and optical characteristics of the voltage-trans-
mission curve, voltage holding ratio, and residual DC voltage
are briefly illustrated as follows.

The voltage-transmission curve 1s an important electric
and optical characteristic determiming driving voltage of a
liquad crystal display (LCD) and 1s obtained by standardizing
transmissivity measured while voltage 1s applied into the
liquid crystal cell based on a quantity of light of 100% when
it 1s the brightest and a quantity of light of 0% when 1t 1s the
darkest.

The voltage holding ratio indicates to what degree a liquid
crystal layer floats from an outer power source during a non-
selective period 1n a TFT-LCD of an active matrix method.
When the voltage holding ratio 1s closer to 100%, 1t indicates
a more 1deal ratio.

The residual DC voltage indicates a voltage remaining in a
liguad crystal layer since ionmized impurities therein are
absorbed 1n an alignment film. The lower the voltage 1s, the
better 1t 1s. The residual DC voltage can be 1n general mea-
sured by using a fhicker and a curved line (C-V) showing
clectrical capacity change of a liquid crystal layer according
to DC voltages. The measurement results of the electrical and
optical characteristics are shown 1n the following Table 2. In
the Table 1, the molecular weight (Mw) 1s determined by

GPC.

TABLE 1
Molecular Vertical Photo-  Pretult
Weight alignment alignment angle
Sample (Mn, x10%) Printability = property  property (°)
Example 1 12 good good good 89.21
Example 2 18 go0d good good 89.45
Example 3 22 good good good 89.66
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TABLE 1-continued

Molecular Vertical Photo-  Pretult

Weight alignment alignment angle
Sample (Mn, x10%) Printability — property  property (°)
Example 4 32 good o00d good 8.7
Example 5 24 good go0d good 89.38
Example 6 25 good good good 89.59
Example 7 42 good go0d good 89.62
Example 8 23 good go0od good 89.65
Example 9 34 good good good 89.82
Example 10 38 good go0od good 89.74
Example 11 22 good good good 89.91
Example 12 25 good go0d good 89.86
Example 13 15 good o00d good 89.8%
Example 14 18 good go0d good 89.92
Example 15 2% good o00d good 89.7%
Example 16 21 good good good 89.93
Example 17 24 good good good 89.72
Example 18 29 good go0d good 89.81
Example 19 17 good good good 89.86
Example 20 21 good good good 89.68
Example 21 29 good good good 89.71
Example 22 33 good good good 89.78
Example 23 41 good good good 89.92
Example 24 29 good good good 89.27
Example 25 35 good g00d good 89.57
Example 26 38 good go0d good 89.82
Comparative 25 good good good 89.89
Example 1
Comparative 32 good oood good 89.90
Example 2

TABLE 2
Voltage holding ratio (%)
Room High

Voltage- temperature temperature Residual DC
Sample transmission 25° C., 60° C. (by C-V)
Example 1 good 99.42 98.15 142
Example 2 good 99.25 98.12 138
Example 3 good 99.22 98.23 154
Example 4 good 99.52 98.20 106
Example 5 good 99.48 08.18 72
Example 6 good 99.56 99.16 83
Example 7 good 99.59 99.15 69
Example 8 good 09.67 99.12 72
Example 9 good 0%8.61 08.31 92
Example 10 good 08.43 98.08 61
Example 11 good 99.53 98.36 7%
Example 12 good 09.52 08.32 8
Example 13 good 99.57 99.28 77
Example 14 good 09.56 99.11 26
Example 15 good 99.48 99.10 16
Example 16 good 09.33 99.07 24
Example 17 good 99.49 99.22 31
Example 18 good 09.42 09.14 16
Example 19 good 99.60 99.20 D
Example 20 good 99.60 09.23 11
Example 21 good 09.72 99.22 25
Example 22 good 99.52 99.29 42
Example 23 good 99.30 99.01 30
Example 24 good 99.55 99.16 25
Example 25 good 09.53 99.17 19
Example 26 good 99.66 99.20 16
Comparative good 98.51 97.31 332
Example 1
Comparative good 98.38 94.08 401
Example 2

Referring to Table 1, the liquid crystal photo-alignment
agents of Examples 1 to 26 have such good printability, ver-
tical alignment property, photo-alignment property, and
pretilt angle that they can be prepared into a liquid crystal
photo-alignment film.
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Referring to Table 2, the liquid crystal photo-alignment
agents of Examples 1 to 26 have good voltage-transmissivity
and a voltage holding ratio of more than about 99%. On the
contrary, the liquid crystal photo-alignment agents of Com-
parative Examples 1 and 2 have a voltage holding ratio of less

than 99%.

In addition, the liquid crystal photo-alignment agents of
Examples 1 to 26 have low residual DC, while the ones of
Comparative Examples 1 and 2 have high residual DC. The
liquid crystal photo-alignment agents of the present can have
a low residual DC of less than about 200, for example less
than about 150, as another example less than about 100, and
as another example less than about 50, although the present
invention 1s not so limited.

The voltage holding ratio and residual DC are used as
criteria for evaluating the after-image characteristic of a lig-
uid crystal photo-alignment film. A higher voltage holding
ratio and lower residual DC indicates a better after-image
characteristic. Therefore, the liquid crystal photo-alignment
agents of Examples 1 to 26 have a better after-image charac-
teristic than the liquid crystal photo-alignment agents of the
comparative examples.

Many modifications and other embodiments of the mven-
tion will come to mind to one skilled 1n the art to which this
invention pertains having the benefit of the teachings pre-
sented 1n the foregoing descriptions. Therefore, it 1s to be
understood that the invention 1s not to be limited to the spe-
cific embodiments disclosed and that modifications and other
embodiments are intended to be included within the scope of
the appended claims. Although specific terms are employed
herein, they are used 1n a generic and descriptive sense only
and not for purposes of limitation, the scope of the invention
being defined 1n the claims.

What 1s claimed 1s:

1. A ligmid crystal photo-alignment agent comprising a
polyamic acid copolymer including a repeating unit having,
the following Formula 1 and a repeating unit having the
following Formula 2, a polyimide copolymer including a
repeating unit having the following Formula 3 and a repeating
unit having the following Formula 4, or a combination
thereoi:

|Chemuical Formula 1]

O O
_fHNJJ\ )‘_NH_Rgﬁ_
R
/ \

HOOC  COOH

|Chemical Formula 2]

0 0
N g
R3
/ \
HOOQC
O 0
6N<£:ﬁé:#>
O O

COOH

|Chemuical Formula 3|

N—R¢I—
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-continued

/ji\ O
—¢N RﬁJL\N——

YT

wherein, in the above Formulae 1 to 4,

|Chemuical Formula 4|

R,, R;, Rs, and R, are each independently a quadrivalent
organic group dertved from an acid dianhydride com-
prising an aliphatic cyclic acid dianhydride or an aro-
matic acid dianhydride,

R, and R, are each independently divalent organic groups
derived from an aromatic diamine, wherein the aromatic
diamine comprises a functional diamine and an aromatic
diamine excluding the functional diamine, and

R, and R, are each independently divalent organic groups
derived from a photodiamine comprising a coumarin-
based photodiamine, chalcone-based photodiamine, or
cinnamate-based photodiamine.

2. The liqud crystal photo-alignment agent of claim 1,
wherein the aliphatic cyclic acid dianhydrnide 1s 1,2,3,4-cy-
clobutanetetracarboxylic acid dianhydride (CBDA), 5-(2,5-
dioxotetrahydrofuryl)-3-methylcyclohexene-1,2-dicarboxy-
lic acid anhydnde (DOCDA), bicyclooctene-2,3,5,6-
tetracarboxylic acid dianhydride (BODA), 1,2,3.4-
cyclopentanetetracarboxylic acid dianhydrnide (CPDA), 1,2,
4,5-cyclohexanetetracarboxylic acid dianhydride (CHDA),
1,2,4-tricarboxyl-3-methylcarboxyl cyclopentane dianhy-
dride, 1,2,3,4-tetracarboxyl cyclopentane dianhydride, or a
combination thereof.

3. The liguid crystal photo-alignment agent of claim 1,
wheremn R, R;, R;, and R, are each independently quadriva-
lent organic groups represented by one or more of the follow-
ing Formulae 5 to 9, or a combination thereof:

|Chemuical Formula 5

=
( Rjo
10
|Chemuical Formula 6]
4
|Chemuical Formula 7|
Ryj
Rz
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-continued
|Chemuical Formula 8|
Ry3
|Chemical Formula 9]
Rig Ris
Rig Ry7

wherein, 1in the above Formulae 5 to 9,

R, 1s substituted or unsubstituted C1 to C20 alkyl, substi-
tuted or unsubstituted C6 to C30 aryl, or substituted or
unsubstituted C2 to C30 heteroaryl, and n, , 1s an integer
ranging from 0 to 3,

R, to R, are each independently hydrogen, substituted or
unsubstituted C1 to C20 alkyl, substituted or unsubsti-
tuted C6 to C30 aryl, or substituted or unsubstituted C2
to C30 heteroaryl, and

wherein each of said substituted C1 to C20 alkyl, substi-
tuted C6 to C30 aryl, or substituted C2 to C30 heteroaryl
independently comprises at least one substituent
selected from halogen, C1 to C30 alkyl, C1 to C30
haloalkyl, C6 to C30 aryl, C2 to C30 heteroaryl, C1 to

C20 alkoxy, or a combination thereof.

4. The liquid crystal photo-alignment agent of claim 1,
wherein the aromatic acid dianhydrnide 1s pyromellitic acid
dianhydride (PMDA), biphthalic acid dianhydride (BPDA),
oxydiphthalic acid dianhydride (ODPA), benzophenonetetra-
carboxylic acid dianhydride (BTDA), hexafluoroisopropy-
lidene diphthalic acid dianhydride (6-FDA), or acombination
thereof.

5. The liquid crystal photo-alignment agent of claim 1,
wherein R |, R;, R, and R, are each independently quadriva-
lent organic groups represented by one or more of the follow-
ing Formulae 10 and 11 or a combination thereof:

|Chemical Formula 10]

|Chemical Formula 11]

wherein, 1n the above Formulae 10 and 11,

R,, and R, are each independently hydrogen, substituted
or unsubstituted C1 to C20 alkyl, substituted or unsub-
stituted C6 to C30 aryl, or substituted or unsubstituted
C2 to C30 heteroaryl,
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R,, and R,- are each independently substituted or unsub-
stituted C1 to C20 alkyl, substituted or unsubstituted C6
to C30 aryl, or substituted or unsubstituted C2 to C30
heteroaryl, and n,, and n, - are each independently inte-
gers ranging from 0 to 3,

R, 15 O, CO, C(CF,),, substituted or unsubstituted C1 to
C6 alkylene, substituted or unsubstituted C3 to C30
cycloalkylene, or substituted or unsubstituted C2 to C30
heterocycloalkylene, and n,5 1s an integer of O or 1, and

wherein each of said substituted C1 to C20 alkyl, substi-
tuted C6 to C30 aryl, substituted C2 to C30 heteroaryl,
substituted C1 to C6 alkylene, substituted C3 to C30
cycloalkylene, or substituted C2 to C30 heterocy-
cloalkylene independently comprises at least one sub-
stituent selected from halogen, C1 to C30 alkyl, C1 to
C30 haloalkyl, C6 to C30 aryl, C2 to C30 heteroaryl, C1
to C20 alkoxy, or a combination thereof.

6. The liquid crystal photo-alignment agent of claim 1,
wherein the aromatic diamine excluding the functional
diamine 1s paraphenylenediamine (p-PDA), 4,4-methylene
dianiline (MDA), 4.,4-oxydianiline (ODA), metabisami-
nophenoxy diphenylsulione (m-BAPS), parabisaminophe-
noxy diphenylsulfone (p-BAPS), 2,2-bis[(aminophenoxy)
phenyl]propane (BAPP), 2,2-
bisaminophenoxyphenylhexafluoropropane  (HF-BAPP),
1,4-diamino-2-methoxybenzene, 3,3'-diphenyl benzidine, or
a combination thereof.

7. The liguad crystal photo-alignment agent of claim 1,
wherein R, and R are each independently divalent organic
groups represented by one or more of the following Formulae
12 to 14, or a combination thereotf:

|Chemuical Formula 12]

|Chemical Formula 13 ]

(T%)H 2 (T%)HM
X/ 2 N\ A

|Chemical Formula 14|

(R37)m37 (Rzg)nsg (Rzg)#39 (Rag)rgg

Q (R3“)W©<R%kg®<l"~sa)ﬂ$

wherein, in the above Formulae 12 to 14,

R,,, Ry3, Ry, and R, to R, are each independently sub-
stituted or unsubstituted C1 to C20 alkyl, substituted or
unsubstituted C6 to C30 aryl, or substituted or unsubsti-
tuted C2 to C30 heteroaryl, wherein each of said substi-
tuted C1 to C20 alkyl, substituted C6 to C30 aryl, or
substituted C2 to C30 heteroaryl independently com-

prises at least one substituent selected from halogen, C1
to C30 alkyl, C1 to C30 haloalkyl, C6 to C30 aryl, C2 to

C30 heteroaryl, C1 to C20 alkoxy, —O—, —COO—,
—CONH—, —OCO—, or a combination thereot,

R0, Rs-, R3s5, and R;, are each independently O, SO,, or

C(R")R"), wherein R' and R" are each independently
hydrogen or substituted or unsubstituted C1 to C6 alkyl,
wherein said substituted C1 to C6 alkyl comprises at
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least one substituent selected from halogen, C1 to C30
alkyl, C1 to C30 haloalkyl, C6 to C30 aryl, C2 to C30
heteroaryl, C1 to C20 alkoxy,
N, 054, N34, and n,- to n,, are each independently integers
ranging from O to 4, and
n,,, N3~, N3, and n,  are each independently integers 010 or
1.
8. The liquid crystal photo-alignment agent of claim 1,
wherein the functional diamine comprises a diamine repre-
sented by one or more of the following Formulae 15 to 18:

|Chemical Formula 15]
H

N
#\4\|

wherein, 1n the above Formula 15,

R, 1s hydrogen, substituted or unsubstituted C1 to C20
alkyl, substituted or unsubstituted C6 to C30 aryl, or
substituted or unsubstituted C2 to C30 heteroaryl,

R, 1s substituted or unsubstituted C1 to C20 alkyl, substi-
tuted or unsubstituted C6 to C30 aryl, or substituted or
unsubstituted C2 to C30 heteroaryl,

n,, 1s an integer ranging from O to 3, and

wherein each of said substituted C1 to C20 alkyl, substi-
tuted C6 to C30 aryl, or substituted C2 to C30 heteroaryl

independently comprises at least one substituent
selected from halogen, C1 to C30 alkyl, C1 to C30

haloalkyl, C6 to C30 aryl, C2 to C30 heteroaryl, C1 to
C20 alkoxy, or a combination thereof;

|Chemical Formula 16]

S O
¥y

Ry7

Rus
N \/I_(

wherein, 1n the above Formula 16,

R,s, Rus, and R, are each independently substituted or
unsubstituted C1 to C20 alkyl, substituted or unsubsti-
tuted C6 to C30 aryl, or substituted or unsubstituted C2
to C30 heteroaryl,

R, 418 —O—, —COO—, —CONH—, —OCO—, or sub-
stituted or unsubstituted C1 to C10 alkylene,

R,- 1s hydrogen; substituted or unsubstituted C1 to C20
alkyl; substituted or unsubstituted C6 to C30 aryl; or
substituted or unsubstituted C2 to C30 heteroaryl; or
alkyl, aryl, or heteroaryl including —O—, —COO—,
—CONH—, —OCO—, or a combination thereof,

n,, 1s an mteger of 0 or 3,
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n,. and n,. are each independently integers ranging from 0
to 4,

n,, 1s an mteger of O or 1, and

wherein each of said substituted C1 to C20 alkyl, substi-
tuted C6 to C30 arvyl, substituted C2 to C30 heteroaryl, or
substituted or unsubstituted C1 to C10 alkylene inde-
pendently comprises at least one substituent selected
from halogen, C1 to C30 alkyl, C1 to C30 haloalkyl, C6
to C30 aryl, C2 to C30 heteroaryl, C1 to C20 alkoxy, or

a combination thereof;

|Chemuical Formula 17]

NIL
e
(R‘s“)ﬁ-64 ‘ N T(-Rﬁﬁ)“‘ﬁﬁ
\/\tRﬁll\y\(N R
ne ‘ \'Il 62?‘?62
NYN

(Res)

| 63

Rg¢s

wherein, 1n the above Formula 17,

R, and R are each independently substituted or unsub-
stituted C1 to C20 alkyl, substituted or unsubstituted C6
to C30 aryl, or substituted or unsubstituted C2 to C30
heteroaryl,

R«< 1s hydrogen, substituted or unsubstituted C1 to C20
alkyl, substituted or unsubstituted C6 to C30 aryl, or
substituted or unsubstituted C2 to C30 heteroaryl,

R, and R, are each independently —O— or —COO—,

R4; 18 —O— —COO—, —CONH—, or —OCO—,

n., and n., are each independently integers ranging from O
to 4,

n, to n., are each independently integers of O or 1, and

wherein each of said substituted C1 to C20 alkyl, substi-
tuted C6 to C30 aryl, or substituted C2 to C30 heteroaryl
independently comprises at least one substituent
selected from halogen, C1 to C30 alkyl, C1 to C30

haloalkyl, C6 to C30 aryl, C2 to C30 heteroaryl, C1 to
C20 alkoxy, or a combination thereof;

|Chemical Formula 18]
Hy

N
&\*/"\I

I_ NH2

o

\

Rs,

wherein, in the above Formula 18,

R., 1s a single bond, —O—, —COO—, —OCO—,
—NHCO—, or —CONH-—, and n., 1s an integer rang-
ing from O to 2,

R, 1s substituted or unsubstituted C1 to C20 alkyl; substi-
tuted or unsubstituted C6 to C30 aryl; substituted or
unsubstituted C2 to C30 heteroaryl; or alkyl, aryl, or
heteroaryl including —O—, —COO—, —CONH—,
—OCO— or a combination thereot, and
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wherein each of said substituted C1 to C20 alkyl, substi-
tuted C6 to C30 aryl, or substituted C2 to C30 heteroaryl
independently comprises at least one substituent

selected from halogen, C1 to C30 alkyl, C1 to C30

wherein, 1n the above Formula 20,

34

R, 1s substituted or unsubstituted C1 to C20 alkyl, substi-
tuted or unsubstituted C6 to C30 aryl, or substituted or

unsubstituted C2 to C30 heteroaryl,
n-, 1s an mteger ranging from O to 4

haloalkyl, C6 to C30 aryl, C2 to C30 heteroaryl, C1 to > R,. and R, are each independently hydrogen, halogen,
C20 alkoxy, or a combination thereof. cyano, or substituted or unsubstituted C1 to C12 alkyl,
9. The liquid crystal photo-alignment agent of claim 1, wherein the substituted alkyls of R,. and R, are each
wherein the cinnamate-based photodiamine comprises a independently substituted alkyl comprising at least one
compound of the following Formulae 19 and 20, or a combi- hydrogen substituted with halogen or cyano; substituted
nation thereof: 10 alkyl comprising at least one CH,, group substituted with
o—, —CO—0O—, —0O0—CO—, or —CH=—CH—,
wherein adjacent CH,, groups are not so substituted; or a
[Chemical Formula 19] combination thereof,

O s Ryyissubstituted or unsubstituted C1 to C30 alkyl, substi-
/\)J\ tuted or unsubstituted C7 to C30 alkylaryl, substituted or
0 Z AN o R unsubstituted C3 to C30 cycloalkyl, substituted or
H,N )I\ ‘ unsubstituted pyrimidinyl, substituted or unsubstituted
\/\ ™ pyridinyl, substituted or unsubstituted thiophenyl, sub-
‘ V 20 stituted or unsubstituted furanyl, substituted or unsub-
/ P stituted naphthyl, or substituted or unsubstituted phenyl,
LN A Roo) wherein the substituted alkyl of R, 1s substituted alkyl
> comprising at least one hydrogen substituted with halo-
gen or cyano; substituted alkyl comprising at least one
L. 25 CH, group substituted with —O— —CO—0O—,
Whe{.em’ in the above Ftormula 19, _ C§ gCOE,, or —CH—CH—, wherein adjacent CH,
Ry 18 hydrogf?n, substituted or unsubstituted C1 to C30 groups are not so substituted; or a combination thereof,
alkyli substituted or I}HSUbStlmted C6 to C30 aryl, or wherein the substituted alkylaryl of R, is substituted alky -
substituted or unsubstituted C2 to C30 heteroaryl, laryl comprising at least one CH,, group substituted with
R, 1s substituted or unsubstituted C1 to C30 alkyl, substi- ,, O, CO 0O 0 CO— or CH—=CH—,
tuted or unsubstituted C6 to C30 aryl, or substituted or wherein adjacent CH,, groups are not so substituted, or a

unsubstituted C2 to C30 heteroaryl, combination thereof, and
n,, 1s an integer ranging from 0O to 3, and wherein each of said substituted C1 to C20 alkyl, substi-
wherein each of said substituted C1 to C20 alkyl, substi- tuted C6 to C30 aryl, substituted C2 to C30 heteroaryl,
tuted C6 to C30 aryl, or substituted C2 to C30 heteroaryl ;4 substituted C6 to C30 arylene, substituted C2 to C30
independently comprises at least one substituent heteroarylene, substituted C3 to C30 cycloalkylene,
selected from halogen, C1 to C30 alkyl, C1 to C30 substituted C2 to C30 heterocycloalkylene, substituted
haloalkyl, C6 to C30 aryl, C2 to C30 heteroaryl, C1 to C3 to C30 cycloalkyl, substituted pyrimidinyl, substi-
C20 alkoxy, or a combination thereof: tuted pyridinyl, substituted thiophenyl, substituted fura-
40 nyl, substituted naphthyl, or substituted phenyl indepen-
| dently comprises at least one substituent selected from
(Ros)riog [Chemical Formula 20] halogen, C1 to C30 alkyl, C1 to C30 haloalkyl, C6 to
‘ R O C30 aryl, C2 to C30 heteroaryl, C1 to C20 alkoxy, or a

/= :> | | combination thereof.

\ / C=C—C—O0—Ry 45  10. The liquid crystal photo-alignment agent of claim 1,
RB/\‘.\ I!)% wherein the chalcone-based photodiamine comprises a com-

pound of the following Formula 21:

R~ 1s aromatic diamine, diamine including substituted or 50 [Chemical Formula 21]
unsubstituted linear or branched C1 to C24 alkylene, or (Rgo)#ig (Rgs)gs
a combination thereof, '_ Re; _‘_

wherein the substituted alkylene of R, 1s substituted alky- \
lene comprising at least one hydrogen substituted with (}C_C_C \ N4
halogen or cyano; substituted alkylene comprising at 55 7 ™ R
least one CH,, substituted with substituted or unsubsti-
tuted C6 to C3O arylene, substituted or unsubstituted C2
to C30 heteroarylene, substituted or unsubstituted C3 to wherein, 1n the above Formula 21,
C30 cycloalkylene, substituted or unsubstituted C2 to Ry, 1s aromatic diamine, diamine including a substituted or
C30 heterocycloalkylene, —O—, —CO—, —CO— 60 unsubstituted linear or branched C1 to C24 alkylene, or
O—, O—CO—, —S1(CH,),—0O—S1(CH,),—, a combination thereof,
—NR'—, —NR'—CO—, —CO—NR'—, —NR'— wherein the substituted alkylene of R, 1s substituted alky-
CO—0O—, —0O—CO—NR'— —CH—CH—, lene comprising at least one hydrogen substituted with
—C=C—, or —O0—CO—0—, wherein R'1s hydrogen halogen or cyano; substituted alkylene comprising at
or substituted or unsubstituted C1 to C6 alkyl and 65 least one CH, group substituted with substituted or

wherein adjacent CH,, groups are not so substituted; or a
combination thereof,

unsubstituted C6 to C30 arylene, substituted or unsub-
stituted C2 to C30 heteroarylene, substituted or unsub-
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stituted C3 to C30 cycloalkylene, substituted or unsub-
stituted C2 to C30 heterocycloalkylene, —O—,

-~ CO—, —CO-—0O0—, O CO—, —Si(CH;),
O—Si(CH;),—, —NR—, —NR"CO—, —CO—
NR', —NR"CO O, O CO NR',

—CH=—CH—, —(C=C— or O0O—CO—0—,
wherein R' 1s hydrogen or substituted or unsubstituted
C1 to C6 alkyl and wherein adjacent CH,, groups are not
so substituted; or a combination thereof,

R, and R4 are each independently substituted or unsub-
stituted C1 to C20 alkyl, substituted or unsubstituted C6
to C30 aryl, or substituted or unsubstituted C2 to C30
heteroaryl,

ng- and ng. are each mtegers ranging from 0 to 4,

R,; and Ry, are each imndependently hydrogen, halogen,
cyano, or substituted or unsubstituted C1 to C12 alkyl,

wherein the substituted alkyls of Ry; and R, are each
independently substituted alkyl comprising at least one
hydrogen substituted with halogen or cyano; substituted
alkyl comprising at least one CH,, group substituted with

O—, —(CO—0O—, —0O0—CO—, or —CH=—CH—,
wherein adjacent CH,, groups are not so substituted; or a
combination thereof,

R 1s substituted or unsubstituted C1 to C30 alkyl, substi-
tuted or unsubstituted C7 to C30 alkylaryl, substituted or
unsubstituted C3 to C30 cycloalkyl, substituted or
unsubstituted pyrimidinyl, substituted or unsubstituted
pyridinyl, substituted or unsubstituted thiophenyl, sub-
stituted or unsubstituted furanyl, substituted or unsub-
stituted naphthyl, or substituted or unsubstituted phenyl,

wherein the substituted alkyl of Ry, 1s substituted alkyl

comprising at least one hydrogen substituted with halo-
gen or cyano; substituted alkyl comprising at least one
CH, group substituted with —O— —CO—0O—,
O—CO—, or —CH—CH—, wherein adjacent CH,
groups are not so substituted; or a combination thereof,
wherein the substituted alkylaryl of R4, 1s substituted alky-
laryl comprising at least one CH, group substituted
O—, —(CO—0O— —0O0—CO—, or —CH=—CH—,
wherein adjacent CH,, groups are not so substituted, or a
combination thereof, and
wherein each of said substituted C1 to C20 alkyl, substi-
tuted C6 to C30 aryl, substituted C2 to C30 heteroaryl,
substituted C6 to C30 arylene, substituted C2 to C30
heteroarylene, substituted C3 to C30 cycloalkylene,
substituted C2 to C30 heterocycloalkylene, substituted
C3 to C30 cycloalkyl, substituted pyrimidinyl, substi-
tuted pyridinyl, substituted thiophenyl, substituted fura-
nyl, substituted naphthyl, or substituted phenyl indepen-

dently comprises at least one substituent selected from
halogen, C1 to C30 alkyl, C1 to C30 haloalkyl, C6 to

C30 aryl, C2 to C30 heteroaryl, C1 to C20 alkoxy, or a
combination thereof.
11. The liquid crystal photo-alignment agent of claim 1,

wherein the coumarin-based photodiamine comprises a com-
pound of the following Formula 22:

|Chemical Formula 22|

Ro3
(Ron)r9n
N ‘ N Y
N
R( O O

wherein, 1n the above Formula 22,
R, 1s aromatic diamine, diamine including a substituted or
unsubstituted linear or branched C1 to C24 alkylene, or

a combination thereof,
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wherein the substituted alkylene of R, 1s substituted alky-
lene comprising at least one hydrogen substituted with
halogen or cyano; substituted alkylene comprising at
least one CH, group substituted with substituted or
unsubstituted C6 to C30 arylene, substituted or unsub-
stituted C2 to C30 heteroarylene, substituted or unsub-
stituted C3 to C30 cycloalkylene, substituted or unsub-

stituted C2 to C30 heterocycloalkylene, O—,

-~ CO—, —CO-0O—, 0O CO—, —Si(CH,),
O—Si(CH,),—, —NR'—, —NR" CO—, —CO—
NR', —NR"CO O, O CO NR',

—CH=—CH—, —C=C—, or O0O—CO—0O—,
wherein R' 1s hydrogen or substituted or unsubstituted
C1 to C6 alkyl and wherein adjacent CH, groups are not
so substituted; or a combination thereof,

R, 1s substituted or unsubstituted C1 to C20 alkyl, substi-
tuted or unsubstituted C6 to C30 aryl, or substituted or
unsubstituted C2 to C30 heteroaryl,

s, 15 an integer ranging from O to 4,

Ry; and Ry, are each independently hydrogen, halogen,
cyano, or substituted or unsubstituted C1 to C12 alkyl,

wherein the substituted alkyls of Ry; and R, are each
independently substituted alkyl comprising at least one
hydrogen substituted halogen or cyano; substituted alkyl
comprising at least one CH, group substituted with
o—, —CO—0O—, —0O0—CO—, or —CH=—CH—,
wherein adjacent CH,, groups are not so substituted; or a
combination thereof, and

wherein each of said substituted C1 to C20 alkyl, substi-
tuted C6 to C30 aryl, substituted C2 to C30 heteroaryl,
substituted C6 to C30 arylene, substituted C2 to C30
heteroarylene, substituted C3 to C30 cycloalkylene,
substituted C2 to C30 heterocycloalkylene, substituted
C3 to C30 cycloalkyl, substituted pyrimidinyl, substi-
tuted pyridinyl, substituted thiophenyl, substituted tura-
nyl, substituted naphthyl, or substituted phenyl indepen-

dently comprises at least one substituent selected from
halogen, C1 to C30 alkyl, C1 to C30 haloalkyl, C6 to

C30 aryl, C2 to C30 heteroaryl, C1 to C20 alkoxy, or a
combination thereof.

12. The liguid crystal photo-alignment agent of claim 1,
wherein the R, and R, or R and R, 1s present at a mole ratio

of about 1 to 90:1 to 70.

13. The liguid crystal photo-alignment agent of claim 8,
wherein the functional diamine and aromatic diamine exclud-
ing the functional diamine are present at a mole ratio of about

1 to 50:1 to 90.

14. The liguid crystal photo-alignment agent of claim 1,
wherein the functional diamine comprises a diamine repre-

sented by one or more of the following Formulae 24 and
26-28:

|Chemical Formula 24|

HoN NH,

AN

OYO
¢

(CH,)17CH;3,

N N
N



H,N

H,N
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-continued

CH, =
PPN
\K

|

(CH;);5CH;3

CHa

O

(CHy)14CF3

H,N. : NH,

15. The liquid crystal photo-alignment agent of claim 1,

US 8,057,700 B2

|Chemical Formula 26]

NH>.
e

| :

10

|Chemical Formula 27]

NH,, or 5

20

|Chemical Formula 28] »

30
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50

wherein the photodiamine comprises a photoreactive diamine
represented by one or more of the following Formulae 25 and

29-31:

/\/U\O/Hm

RN
N

[Chemical Formula 25] 35

H
60

65

wherein n=2,

38

\_/

>_ |

J\
N\

\
_/

4

H,N

NHZ,, or

|Chemical Formula 29]

|Chemical Formula 30]
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-continued
O
O)H

‘ X
F

O

|Chemical Formula 31]

LN : “NH

16. The liquid crystal photo-alignment agent of claim 1,
wherein said liquid crystal photo-alignment agent has a volt-
age holding ratio of more than about 99% and low residual

DC of less than about 200.

17. A composition useful for the production of a liquid
crystal photo-alignment film comprising a liquid crystal
photo-alignment agent according to claim 1 and a solvent.

18. The composition of claim 17, wherein the liquid crystal
photo-alignment agent comprises a functional diamine rep-
resented by one or more of the following Formaulae 15 to 18:

|Chemical Formula 15]
H>N

#\4\|
Ry - NH>
( )“"" 42 \(I
N O
O

Ry

wherein, 1n the above Formula 15,

R, 1s hydrogen, substituted or unsubstituted C1 to C20
alkyl, substituted or unsubstituted C6 to C30 aryl, or
substituted or unsubstituted C2 to C30 heteroaryl,

R, 1s substituted or unsubstituted C1 to C20 alkyl, substi-
tuted or unsubstituted C6 to C30 aryl, or substituted or
unsubstituted C2 to C30 heteroaryl,

n,, 1s an integer ranging from O to 3, and

wherein each of said substituted C1 to C20 alkyl, substi-
tuted C6 to C30 aryl, or substituted C2 to C30 heteroaryl
independently comprises at least one substituent
selected from halogen, C1 to C30 alkyl, C1 to C30
haloalkyl, C6 to C30 aryl, C2 to C30 heteroaryl, C1 to

C20 alkoxy, or a combination thereof;
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|Chemical Formula 16]
NH,

\ .
[7 « NN \ 5)ﬂ4ﬁ

wherein, in the above Formula 16,

R,4,R.., and R, are each independently substituted or
unsubstituted C1 to C20 alkyl, substituted or unsubsti-
tuted C6 to C30 aryl, or substituted or unsubstituted C2
to C30 heteroaryl,

R,,1s —0O—, —COO—, —CONH—, —OCO—, or sub-
stituted or unsubstituted C1 to C10 alkylene,

R~ 1s hydrogen; substituted or unsubstituted C1 to C20
alkyl; substituted or unsubstituted C6 to C30 aryl; or
substituted or unsubstituted C2 to C30 heteroaryl; or
alkyl, aryl, or heteroaryl including —O—, —COO—,
—CONH—, —OCO—, or a combination thereof,

n,, 1s an integer ot O or 3,

n,. and n,. are each independently integers ranging from 0
to 4,

n,, 1s an mteger of O or 1, and

wherein each of said substituted C1 to C20 alkyl, substi-
tuted C6 to C30 aryl, substituted C2 to C30 heteroaryl, or
substituted or unsubstituted C1 to C10 alkylene inde-
pendently comprises at least one substituent selected
from halogen, C1 to C30 alkyl, C1 to C30 haloalkyl, C6

to C30 aryl, C2 to C30 heteroaryl, C1 to C20 alkoxy, or
a combination thereof;

|Chemical Formula 17]

N /\/\I

(R yir,,
N Rﬁl;ﬂwﬂ \ﬁm/\/
N

/N

o),

wherein, in the above Formula 17,

R, and R, are each independently substituted or unsub-
stituted C1 to C20 alkyl, substituted or unsubstituted C6
to C30 aryl, or substituted or unsubstituted C2 to C30
heteroaryl,

R«- 1s hydrogen, substituted or unsubstituted C1 to C20
alkyl, substituted or unsubstituted C6 to C30 aryl, or
substituted or unsubstituted C2 to C30 heteroaryl,

R, and R, are each independently —O—or —COO—,

R; 15 —O— —COO—, —CONH—, or —OCO—,

n., and n., are each independently integers ranging from O
to 4,

n., to n., are each independently integers of O or 1, and
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wherein each of said substituted C1 to C20 alkyl, substi-
tuted C6 to C30 aryl, or substituted C2 to C30 heteroaryl
independently comprises at least one substituent
selected from halogen, C1 to C30 alkyl, C1 to C30
haloalkyl, C6 to C30 aryl, C2 to C30 heteroaryl, C1 to

C20 alkoxy, or a combination thereof;

|Chemical Formula 18]
HoN

wherein, 1n the above Formula 18,

R, 1s a single bond, —O— —COO—, —OCO—,
—NHCO—, or —CONH—, and n, 1s an integer rang-
ing from O to 2,

R, 1s substituted or unsubstituted C1 to C20 alkyl; substi-
tuted or unsubstituted C6 to C30 aryl; substituted or
unsubstituted C2 to C30 heteroaryl; or alkyl, aryl, or
heteroaryl including —O—, —COO—, —CONH—,
—OCO— or a combination thereot, and

wherein each of said substituted C1 to C20 alkyl, substi-
tuted C6 to C30 aryl, or substituted C2 to C30 heteroaryl
independently comprises at least one substituent
selected from halogen, C1 to C30 alkyl, C1 to C30
haloalkyl, C6 to C30 aryl, C2 to C30 heteroaryl, C 1 to
C20 alkoxy, or a combination thereof.

19. A liquid crystal photo-alignment film comprising a
liquid crystal photo-alignment agent according to claim 1
disposed on a substrate.

20. The liquid crystal photo-alignment film of claim 19,
wherein the liquid crystal photo-alignment agent comprises a
functional diamine represented by one or more of the follow-
ing Formulae 15 to 18:

|Chemical Formula 15]
H>N

2N
it Y
742 RN
O T O

Ryj

wherein, 1n the above Formula 15,

R, 1s hydrogen, substituted or unsubstituted C1 to C20
alkyl, substituted or unsubstituted C6 to C30 aryl, or
substituted or unsubstituted C2 to C30 heteroaryl,

R, 1s substituted or unsubstituted C1 to C20 alkyl, substi-
tuted or unsubstituted C6 to C30 aryl, or substituted or
unsubstituted C2 to C30 heteroaryl,

n,, 1s an integer ranging from O to 3, and

wherein each of said substituted C1 to C20 alkyl, substi-
tuted C6 to C30 aryl, or substituted C2 to C30 heteroaryl
independently comprises at least one substituent
selected from halogen, C1 to C30 alkyl, C1 to C30
haloalkyl, C6 to C30 aryl, C2 to C30 heteroaryl, C1 to

C20 alkoxy, or a combination thereof;
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|Chemical Formula 16]
NH,

\ .
[7 « NN \ 5)ﬂ4ﬁ

wherein, in the above Formula 16,

R,;, R, and R, are each independently substituted or
unsubstituted C1 to C20 alkyl, substituted or unsubsti-
tuted C6 to C30 aryl, or substituted or unsubstituted C2
to C30 heteroaryl,

R,,1s —0O—, —COO—, —CONH—, —OCO—, or sub-
stituted or unsubstituted C1 to C10 alkylene,

R~ 1s hydrogen; substituted or unsubstituted C1 to C20
alkyl; substituted or unsubstituted C6 to C30 aryl; or
substituted or unsubstituted C2 to C30 heteroaryl; or
alkyl, aryl, or heteroaryl including —O—, —COO—,
—CONH—, —OCO—, or a combination thereof,

n,, 1s an integer ot O or 3,

n,. and n,. are each independently integers ranging from 0
to 4,

n,, 1s an mteger of O or 1, and

wherein each of said substituted C1 to C20 alkyl, substi-
tuted C6 to C30 aryl, substituted C2 to C30 heteroaryl, or
substituted or unsubstituted C1 to C10 alkylene inde-
pendently comprises at least one substituent selected
from halogen, C1 to C30 alkyl, C1 to C30 haloalkyl, C6

to C30 aryl, C2 to C30 heteroaryl, C1 to C20 alkoxy, or
a combination thereof;

|Chemical Formula 17]

N /\/\I

(R yir,,
N Rﬁl;ﬂwﬂ \ﬁm/\/
N

/N

o),

wherein, in the above Formula 17,

R, and R, are each independently substituted or unsub-
stituted C1 to C20 alkyl, substituted or unsubstituted C6
to C30 aryl, or substituted or unsubstituted C2 to C30
heteroaryl,

R«- 1s hydrogen, substituted or unsubstituted C1 to C20
alkyl, substituted or unsubstituted C6 to C30 aryl, or
substituted or unsubstituted C2 to C30 heteroaryl,

R, and R, are each independently —O—or —COO—,

R; 15 —O— —COO—, —CONH—, or —OCO—,

n., and n., are each independently integers ranging from O
to 4,

n., to n., are each independently integers of O or 1, and
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wherein each of said substituted C1 to C20 alkyl, substi-
tuted C6 to C30 aryl, or substituted C2 to C30 heteroaryl
independently comprises at least one substituent
selected from halogen, C1 to C30 alkyl, C1 to C30
haloalkyl, C6 to C30 aryl, C2 to C30 heteroaryl, C1 to

C20 alkoxy, or a combination thereof;

|Chemical Formula 18]
HoN

wherein, 1n the above Formula 18,

R;, 1s a single bond, —O— —COO—, —OCO—,
—NHCO—, or —CONN-—, and n, 1s an integer rang-
ing from O to 2,

R 1s substituted or unsubstituted C1 to C20 alkyl; substi-
tuted or unsubstituted C6 to C30 aryl; substituted or
unsubstituted C2 to C30 heteroaryl; or alkyl, aryl, or
heteroaryl including —O—, —COO—, —CONH—,
—OCO— or a combination thereot, and

wherein each of said substituted C1 to C20 alkyl, substi-
tuted C6 to C30 aryl, or substituted C2 to C30 heteroaryl
independently comprises at least one substituent

selected from halogen, C1 to C30 alkyl, C1 to C30
haloalkyl, C6 to C30 aryl, C2 to C30 heteroaryl, C1 to

C20 alkoxy, or a combination thereof.

21. A liquid crystal display (LCD) comprising the liquid
crystal photo-alignment film according to claim 19.

22. A liquid crystal photo-alignment agent, comprising a
polyamic acid copolymer including a repeating unit having,
the following Formula 1 and a repeating unit having the
following Formula 2, a polyimide copolymer including a
repeating unit having the following Formula 3 and a repeating,
unit having the following Formula 4, or a combination
thereof:

|Chemuical Formula 1]

O O
B
R]

\
HOOC  COOH

O O
I
R3

\
HOOC  COOH

AN

N—R¢I—

Y

|Chemical Formula 2]

|Chemical Formula 3]
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-continued
|Chemuical Formula 4|
)kN —Rg—

Y

wherein, in the above Formulae 1 to 4,

R,, R;, Rs, and R, are each independently a quadrivalent
organic group dertved from an acid dianhydride com-
prising an aliphatic cyclic acid dianhydride or an aro-
matic acid dianhydride,

R, and R are each independently divalent organic groups
derived from an aromatic diamine, wherein the aromatic
diamine comprises a functional diamine represented by
one or more of the following Formulae 15 to 18:

|Chemical Formula 15]
HoN

x\/\

R4, -1 NH;

( )” 42 Y
N

O

O

Rq1

wherein, in the above Formula 15,

R, 1s hydrogen, substituted or unsubstituted C1 to C20
alkyl, substituted or unsubstituted C6 to C30 aryl, or
substituted or unsubstituted C2 to C30 heteroaryl,

R, 1s substituted or unsubstituted C1 to C20 alkyl, substi-
tuted or unsubstituted C6 to C30 aryl, or substituted or
unsubstituted C2 to C30 heteroaryl,

n,, 1s an integer ranging from 0O to 3, and

wherein each of said substituted C1 to C20 alkyl, substi-
tuted C6 to C30 aryl, or substituted C2 to C30 heteroaryl
independently comprises at least one substituent

selected from halogen, C1 to C30 alkyl, C1 to C30
haloalkyl, C6 to C30 aryl, C2 to C30 heteroaryl, C1 to

C20 alkoxy, or a combination thereof;

|Chemical Formula 16]
NH,

\ -
[7<-/ N | 6)”45

wherein, in the above Formula 16,

R.;, R4, and R, are each independently substituted or
unsubstituted C1 to C20 alkyl, substituted or unsubsti-
tuted C6 to C30 aryl, or substituted or unsubstituted C2
to C30 heteroaryl,
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R, 418 —0—, —COO—, —CONH—, —OCQO—, or sub-
stituted or unsubstituted C1 to C10 alkylene,

R,- 1s hydrogen; substituted or unsubstituted C1 to C20
alkyl; substituted or unsubstituted C6 to C30 aryl; or
substituted or unsubstituted C2 to C30 heteroaryl; or
alkyl, aryl, or heteroaryl including —O—, —COO—,
—CONH—, —OCO—, or a combination thereof,

n, 1s an integer of 0 or 3,

n,. and n, are each independently integers ranging from O
to 4,

n,, 1s an mteger of O or 1, and

wherein each of said substituted C1 to C20 alkyl, substi-
tuted C6 to C30 aryl, substituted C2 to C30 heteroaryl, or
substituted or unsubstituted C1 to C10 alkylene inde-
pendently comprises at least one substituent selected
from halogen, C1 to C30 alkyl, C1 to C30 haloalkyl, C6
to C30 aryl, C2 to C30 heteroaryl, C1 to C20 alkoxy, or
a combination thereof;

|Chemical Formula 17]

H,N NH,

X Z /“
(Res) | 1€ Res)

164 \ \
Rg) N R’
NY

R3)

| “63
Rgs

166

wherein, 1n the above Formula 17,

R, and R are each independently substituted or unsub-
stituted C1 to C20 alkyl, substituted or unsubstituted C6
to C30 aryl, or substituted or unsubstituted C2 to C30
heteroaryl,

R 1s hydrogen, substituted or unsubstituted C1 to C20
alkyl, substituted or unsubstituted C6 to C30 aryl, or
substituted or unsubstituted C2 to C30 heteroaryl,

R, and R, are each independently —O— or —COO—,

Ri; 15 —O—, —COO—, —CONH—, or —OCO—,

n., and n, are each independently integers ranging from 0
to 4,

n., to ns, are each imndependently integers of O or 1, and

wherein each of said substituted C1 to C20 alkyl, substi-
tuted C6 to C30 aryl, or substituted C2 to C30 heteroaryl
independently comprises at least one substituent
selected from halogen, C1 to C30 alkyl, C1 to C30
haloalkyl, C6 to C30 aryl, C2 to C30 heteroaryl, C1 to

C20 alkoxy, or a combination thereof;

|Chemical Formula 18]
Hy

i\f\

):—NHZ
X
\RSJ)”SI

\

Rs,

wherein, 1n the above Formula 18,

R., 1s a single bond, —O— —COO—, —OCO—,
—NHCO—, or —CONH—, and n., 1s an integer rang-
ing from O to 2,

10

15

20

25

30

35

40

45

50

55

60

65

46

R, 1s substituted or unsubstituted C1 to C20 alkyl; substi-
tuted or unsubstituted C6 to C30 aryl; substituted or
unsubstituted C2 to C30 heteroaryl; or alkyl, aryl, or
heteroaryl including —O—, —COO—, —CONH—,
—0OCQO— or a combination thereof, and

wherein each of said substituted C1 to C20 alkyl, substi-
tuted C6 to C30 aryl, or substituted C2 to C30 heteroaryl
independently comprises at least one substituent

selected from halogen, C1 to C30 alkyl, C1 to C30
haloalkyl, C6 to C30 aryl, C2 to C30 heteroaryl, C1 to

C20 alkoxy, or a combination thereof; and

R, and R, are each independently divalent organic groups
derived from a photodiamine comprising a coumarin-
based photodiamine, chalcone-based photodiamine, or
cinnamate-based photodiamine,

wherein the functional diamine and aromatic diamine
excluding the functional diamine are present at a mole
ratio of about 1 to 50:1 to 90.

23. A liqud crystal photo-alignment agent, comprising a
polyamic acid copolymer including a repeating unit having
the following Formula 1 and a repeating unit having the
following Formula 2, a polyimide copolymer including a
repeating unit having the following Formula 3 and a repeating

umt having the following Formula 4, or a combination
thereof:

|Chemical Formula 1]

O O
R
/ \

HOOC  COOH

O O
N
R3
/ \

HOOC  COOH

)CL O
—¢N RS)kN—

-
AN
1Y

wherein, 1n the above Formulae 1 to 4,

|Chemical Formula 2]

|Chemical Formula 3]

|Chemical Formula 4|

N=—Rg7—

R,, R;, R, and R, are each independently a quadrivalent
organic group dertved from an acid dianhydride com-
prising an aliphatic cyclic acid dianhydride or an aro-
matic acid dianhydride,

R, and R, are each independently divalent organic groups
derived from an aromatic diamine, wherein the aromatic
diamine comprises a functional diamine represented by
one or more of the following Formulae 24 and 26-28:
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|Chemical Formula 24|

AN

e
¢

(CH,)7CHs,

/

|Chemical Formula 26]

H,N P NH,,
©\¢ P ‘
‘ F
i

(CH;)5CH;

|Chemical Formula 27|

HEN NH2 . O
‘$/./
I

(CHy)14Ck3
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H,N U NH,
A

|Chemical Formula 28]

—— 1)

O

and
R, and R are each independently divalent organic groups

derived from a photodiamine comprising a coumarin-
based photodiamine, chalcone-based photodiamine, or
cinnamate-based photodiamine.
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